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ON presence IF (temperature_get < 15) DO heater_on
ON presence IF (temperature_get < 15) DO heater_on, door_close
❚❤✐s r❡♣r❡s❡♥ts ❛♥ ♦✈❡r❧♦❛❞ ✐♥ t❤❡ r✉❧❡s s②st❡♠ ✐♥ t❤❡ ❜❡st ♦❢ ❝❛s❡s✱ ❛♥❞ ❛♥
✉♥❞❡s✐r❡❞ r❡♣❡t✐t✐✈❡ ❛❝t✐✈❛t✐♦♥ ♦❢ ♦r❞❡rs ♦♥ ❡♥✈✐r♦♥♠❡♥t ❞❡✈✐❝❡s✳
■♥❝♦♥s✐st❡♥❝② ♦❝❝✉rs ✇❤❡♥ ❝♦♥tr❛❞✐❝t♦r② ❛❝t✐♦♥s ❛r❡ s❡♥t t♦ ❞❡✈✐❝❡s✳ ❚❤✐s ❝❛♥
♦❝❝✉r ✐❢ ♠✉❧t✐♣❧❡ r✉❧❡s ❛r❡ ❛❝t✐✈❛t❡❞ ❛t t❤❡ s❛♠❡ t✐♠❡✱ ❛♥❞ t❤❡✐r ❡①❡❝✉t✐♦♥ ♦r❞❡r
♠❛② r❡♥❞❡r ❞✐✛❡r❡♥t ✜♥❛❧ st❛t❡s ✐♥ t❤❡ s②st❡♠✳ ❆♥ ❡①❛♠♣❧❡ ✐s✿ ✉♣♦♥ t❤❡ ♣r❡s❡♥❝❡
♦❢ ❛ ♣❡rs♦♥ ✐♥ t❤❡ r♦♦♠ ❧✐❣❤ts ❛r❡ ❛❝t✐✈❛t❡❞✱ ❛♥❞ ❚❱ ✇✐❧❧ ❛❧s♦ ❜❡ ❛❝t✐✈❛t❡❞✳ ❆
t❤✐r❞ r✉❧❡ ✇✐❧❧ t✉r♥ ♦✛ t❤❡ ❧✐❣❤ts t❤❡♥ t❤❡ ❚❱ ✐s t✉r♥❡❞ ♦♥✳
ON presence IF true DO lights_on
ON presence IF true DO TV_on
ON TV_light IF TV_on DO lights_off
❉❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ♦r❞❡r ♦❢ ❡①❡❝✉t✐♦♥ ♦❢ r✉❧❡s✱ t❤❡ ✜♥❛❧ st❛t❡ ♦❢ t❤❡ s②st❡♠
✇✐❧❧ ❜❡ ❞✐✛❡r❡♥t✳ ■❢ r✉❧❡s ✷ ❛♥❞ ✸ ❛r❡ ❛❝t✐✈❛t❡❞ ❜❡❢♦r❡ r✉❧❡ ✶ ✐s ❡①❡❝✉t❡❞ t❤❡♥ t❤❡
✜♥❛❧ st❛t❡ ♦❢ ❧✐❣❤ts ✇✐❧❧ ❜❡ ❞✐✛❡r❡♥t t❤❛♥ ❡①❡❝✉t✐♥❣ r✉❧❡ ✶ ❜❡❢♦r❡ r✉❧❡ ✸✳ ❙♦ t❤❡
r❡s✉❧t ♦❢ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ t❤❡s❡ r✉❧❡s ✐s ♥♦t ♣r❡❞✐❝t❛❜❧❡✳
❈✐r❝✉❧❛r✐t② ♦❝❝✉rs ✇❤❡♥ r✉❧❡s ❣❡t ❛❝t✐✈❛t❡❞ ❝♦♥t✐♥✉♦✉s❧② ✇✐t❤♦✉t r❡❛❝❤✐♥❣ ❛
st❛❜❧❡ s②st❡♠ st❛t❡ t❤❛t ♠❛❦❡s t❤❡♠ ✜♥✐s❤ t❤❡✐r ❡①❡❝✉t✐♦♥✳ ❋♦r ❡①❛♠♣❧❡✱ t❤❡
✜rst t✇♦ r✉❧❡s ✇✐❧❧ tr② t♦ ❝❤❛♥❣❡ t❤❡ s❡❝♦♥❞ ❧✐❣❤t t♦ ❛ st❛t❡ ❞✐✛❡r❡♥t ❢r♦♠ t❤❡
✜rst ❧✐❣❤t ❀ t❤❡ t❤✐r❞ ❛♥❞ ❢♦✉rt❤ r✉❧❡s ✇✐❧❧ tr② t♦ ♠❛✐♥t❛✐♥ ❜♦t❤ ✐♥ t❤❡ s❛♠❡ st❛t❡✳
ON light1_change IF light1_on DO light2_off
ON light1_change IF light1_off DO light2_on
ON light2_change IF light2_on DO light1_on
ON light2_change IF light2_off DO light1_off
❆♣♣❧✐❝❛t✐♦♥✲s♣❡❝✐✜❝ ✐ss✉❡s ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ ❛❞❞✐t✐♦♥❛❧❧② ✐♥ ❛♥ ❡♥✈✐r♦♥♠❡♥t✳
❆♥ ❡①❛♠♣❧❡ ✐s ♦r❞❡r✐♥❣ t♦ ♦♣❡♥ ❛ ✇✐♥❞♦✇s ❛♥❞ t♦ t✉r♥ ♦♥ t❤❡ r♦♦♠ ❤❡❛t❡rs✳ ■t
❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ ❛s ❛ ❝♦♥tr❛❞✐❝t✐♦♥ ❜② t❤❡ ✉s❡r✳ ■♥ ♦r❞❡r t♦ ❦♥♦✇ ✇❤✐❝❤ ❛❝t✐♦♥s
❛r❡ ❝♦♥tr❛❞✐❝t♦r②✱ s♣❡❝✐✜❝ ✐♥❢♦r♠❛t✐♦♥ ♠✉st ❜❡ ♣r♦✈✐❞❡❞ ❛❜♦✉t t❤❡ ❡♥✈✐r♦♥♠❡♥t✳
■♥ t❤✐s ♣❛♣❡r ✇❡ ✇✐❧❧ ❝♦♥s✐❞❡r t❤❛t ♠✉❧t✐♣❧❡ ❛❝t✐♦♥s s❡♥t t♦ t❤❡ s❛♠❡ ❞❡✈✐❝❡ ❛r❡
❝♦♥tr❛❞✐❝t♦r②✳ ❖♥❧② ♦♥❡ ❛❝t✐♦♥ ❝❛♥ ❜❡ r❡q✉❡st❡❞ t♦ ❡✈❡r② ❞❡✈✐❝❡ ❛t ❡✈❡r② ✐♥st❛♥t✳
❈♦♦r❞✐♥❛t✐♥❣ ❊❈❆ r✉❧❡s ✐s t❤❡r❡❢♦r❡ ♥❡❝❡ss❛r② ✐♥ ♦r❞❡r t♦ ❡♥❢♦r❝❡ s❛❢❡t② ♣r♦♣❡r✲
t✐❡s✳ ❖♥❡ ♦❢ t❤❡ ♣r♦❜❧❡♠s ♦❢ ❊❈❆ r✉❧❡s ✐s t❤❛t t❤❡② ❛r❡ ❝♦♥s✐❞❡r❡❞ t♦ ❜❡ ❡①❡❝✉t❡❞
✐♥❞❡♣❡♥❞❡♥t❧② ♦r ❛✉t♦♥♦♠♦✉s❧②✳ ❚❤✐s ♠❡❛♥s t❤❛t ♣♦ss✐❜❧❡ ✐♥t❡r❛❝t✐♦♥s ❜❡t✇❡❡♥
r✉❧❡s ❛♥❞ t❤❡✐r ❡✛❡❝ts ❛r❡ ♥♦t ❝♦♥tr♦❧❧❡❞✳ ■♥ ❝♦♥tr❛st✱ s②♥❝❤r♦♥♦✉s r❡❛❝t✐✈❡ ❧❛♥✲
❣✉❛❣❡s✱ ✉s❡❞ t♦ ❞❡s✐❣♥ ❛♥❞ ♣r♦❣r❛♠ ❝♦♥tr♦❧ s②st❡♠s✱ ♣r♦✈✐❞❡ s♦♠❡ ❝❤❛r❛❝t❡r✐s✲
t✐❝s✱ s✉❝❤ ❛s ❞❡t❡r♠✐♥✐s♠ ❛♥❞ ✈❡r✐✜❛❜✐❧✐t② ❬✾❪✳ ❚❤✐s ✐s ✉s❡❢✉❧ ❢♦r t❤❡ s❛❢❡ ❡①❡❝✉t✐♦♥
♦❢ ❝♦♥tr♦❧ s②st❡♠s✳ ❚❤❡ ♦❜❥❡❝t✐✈❡ ♦❢ t❤✐s ✇♦r❦ ✐s t♦ ♣r♦✈✐❞❡ ✈❛❧✐❞❛t✐♦♥ ♦❢ t❤❡ ❊❈❆
r✉❧❡ s②st❡♠ ❜❡❢♦r❡ ❛♥❞ ❞✉r✐♥❣ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ t❤❡ s②st❡♠✱ ❜② r❡❧❛t✐♥❣ t❤❡♠ t♦
s②♥❝❤r♦♥♦✉s ❧❛♥❣✉❛❣❡s✳ ❍❡r❡✱ s❛❢❡t② ✐s ♠❡❛♥t ❢♦r t❤❡ ❝♦♥tr♦❧ s②st❡♠ ❛♥❞ ♣❡♦♣❧❡
✐♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t ❝♦♥tr♦❧❧❡❞ ❜② t❤✐s ❝♦♥tr♦❧ s②st❡♠✳ ❚❤❡ s②st❡♠ s❤♦✉❧❞ ♥♦t ❣♦
✐♥t♦ ✉♥❞❡s✐r❡❞ st❛t❡s✱ ❛♥❞ ❝♦♥tr♦❧❧❡❞ ❞❡✈✐❝❡s ❛r❡ ❝♦♥s✐❞❡r❡❞ ♣❛rt t❤✐s st❛t❡✳
❖✉r ❛♣♣r♦❛❝❤ ♣r♦♣♦s❡❞ ✐♥ t❤✐s ♣❛♣❡r ❝♦♥s✐sts ♦❢ ❛ ♠♦❞❡❧ tr❛♥s❢♦r♠❛t✐♦♥ ❢r♦♠
❛♥ ❊❈❆ r✉❧❡s ❞❡s❝r✐♣t✐♦♥ t♦ ❛ s②♥❝❤r♦♥♦✉s ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡✱ ✇❤✐❝❤ ✇✐❧❧
❜❡ ✉s❡❞ t♦ ✈❛❧✐❞❛t❡ t❤❡ s❡t ♦❢ r✉❧❡s✳ ❊❈❆ r✉❧❡ s②st❡♠s ❛r❡ ✈❛❧✐❞❛t❡❞✱ ❞❡t❡❝t✐♥❣
t❤❡ ❞❡s❝r✐❜❡❞ ✐ss✉❡s✳ ❖✉r ♣r♦♣♦s❛❧ ❝♦♥st✐t✉t❡s ❛ ❢♦r♠❛❧ s❡♠❛♥t✐❝s ♦❢ ❊❈❆ r✉❧❡s✱
❝♦✈❡r✐♥❣ ✈❛r✐❛♥ts ♦❢ r✉❧❡ ❡♥❣✐♥❡s✱ ❛♥❞ ❞❡✜♥❡❞ ❝♦♥❝r❡t❡❧② ❜② tr❛♥s❧❛t✐♦♥ ✐♥t♦ ❛
❢♦r♠❛❧❧② ❞❡✜♥❡❞ ❧❛♥❣✉❛❣❡✱ ❢♦r ✇❤✐❝❤ ❢♦r♠❛❧ t♦♦❧s ❛r❡ ❛✈❛✐❧❛❜❧❡✳ ❘✉❧❡s ❡①❡❝✉t✐♦♥
✐s ❛❧s♦ ❝♦♥tr♦❧❧❡❞ ❛♥❞ ❝♦♦r❞✐♥❛t❡❞ t♦ ❛✈♦✐❞ t❤❡ ❞❡s❝r✐❜❡❞ ♣r♦❜❧❡♠s ❛t r✉♥✲t✐♠❡✳
❲❡ ✇✐❧❧ ❝♦♥❝❡♥tr❛t❡ ♦♥ s♠❛❧❧ ♦r ❤♦♠❡ ❡♥✈✐r♦♥♠❡♥t ❛s t❛r❣❡t s②st❡♠s✱ ❛❧t❤♦✉❣❤
♦✉r r❡s✉❧ts ❛r❡ ❣❡♥❡r✐❝ ❡♥♦✉❣❤ t♦ ❜❡ ❛♣♣❧✐❡❞ ✐♥ ❛♥② ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠✳
❚❤❡ ❍❡♣t❛❣♦♥✴❇❩❘ ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡ ❬✷❪ ✐s ✉s❡❞ ❤❡r❡ ❜❡❝❛✉s❡ ♦❢ ✐ts
❝❛♣❛❜✐❧✐t② t♦ ❡①♣r❡ss ❜❡❤❛✈✐♦r❛❧ ✐♥✈❛r✐❛♥ts ✐♥ t❤❡ s②st❡♠ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❝♦♥tr❛❝ts✱
✇❤✐❝❤ ❛❧❧♦✇s ✈❡r✐❢②✐♥❣ t❤❡ ❛♣♣❧✐❝❛t✐♦♥ ❜② ♠♦❞❡❧ ❝❤❡❝❦✐♥❣ ❛s ✇❡❧❧ ❛s ❝♦♥tr♦❧❧✐♥❣
♦r ❝♦♦r❞✐♥❛t✐♥❣ t❤❡ ❡①❡❝✉t✐♦♥ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❞❡s❝r✐❜❡❞ ✐♥✈❛r✐❛♥ts✳
■♥ t❤❡ ❢♦❧❧♦✇✐♥❣✱ ❙❡❝t✐♦♥ ✸ ❢♦r♠❛❧✐③❡s t❤❡ ❊❈❆ r✉❧❡s ✉s❡❞ ✐♥ t❤✐s ♣❛♣❡r✳
❙❡❝t✐♦♥ ✹ s❤♦✇s t❤❡✐r tr❛♥s❧❛t✐♦♥ t♦ ❛ s②♥❝❤r♦♥♦✉s ♣r♦❣r❛♠✱ ♦♥ ✇❤✐❝❤ ❙❡❝t✐♦♥ ✺
s❤♦✇s ❤♦✇ ✇❡ ♣❡r❢♦r♠ ✈❡r✐✜❝❛t✐♦♥ ❛♥❞ ❝♦♥tr♦❧✳ ❙❡❝t✐♦♥ ✻ ❝♦♥❝❧✉❞❡s✳
✷ ❙t❛t❡ ♦❢ t❤❡ ❛rt
✷✳✶ ❊❈❆ r✉❧❡ ❜❛s❡❞ ❝♦♥tr♦❧ s②st❡♠s ❛♥❞ t❤❡✐r ✈❛❧✐❞❛t✐♦♥
❊❈❆ r✉❧❡ s②st❡♠s ❛r❡ ✇✐❞❡❧② ✉s❡❞ t♦ ❝♦♥tr♦❧ t❤❡ ❡♥✈✐r♦♥♠❡♥t ❛s ✇❡❧❧ ❛s t♦ ❝♦♥tr♦❧
r❡❝♦♥✜❣✉r❛t✐♦♥ ♦❢ s♦❢t✇❛r❡ s②st❡♠s✳ ❍❡r❡ ❛r❡ ❞❡s❝r✐❜❡❞ t❤❡ ❝❧♦s❡st ♣r♦♣♦s❛❧s t♦
♦✉r ❛♣♣r♦❛❝❤ ❛♥❞ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠s ✈❡r✐✜❝❛t✐♦♥ ❛♥❞ ✈❛❧✐❞❛t✐♦♥✳ ■♥ ❬✶✵❪✱ ❛♥
❛❞❛♣t❛t✐♦♥ ❢r❛♠❡✇♦r❦ ✐s ♣r♦♣♦s❡❞✳ ■t ❞❡t❡❝ts t❤❡ st❛t❡ ♦❢ t❤❡ s②st❡♠ ✐♥ t❤❡ ❢♦r♠
♦❢ ❡✈❡♥ts✳ ❲❤❡♥ t❤❡s❡ ❡✈❡♥ts ❛r❡ ❞❡t❡❝t❡❞ t❤❡ ❛ss♦❝✐❛t❡❞ r✉❧❡s ❝❛♥ ❜❡ ❛♣♣❧✐❡❞✳
❚❤❡s❡ r✉❧❡s ✇✐❧❧ ♣❡r❢♦r♠ t❤❡ r❡q✉✐r❡❞ ❛❝t✐♦♥s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❞❡t❡❝t❡❞ st❛t❡✱ t♦
❛❞❛♣t t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ s②st❡♠ t♦ t❤❡ ❝❤❛♥❣❡s ♦❢ t❤❡ ❡♥✈✐r♦♥♠❡♥t✳ ■♥ ❬✶✻✱✶✼❪✱ ❛
♠❡t❤♦❞ ✐s ♣r♦♣♦s❡❞ t♦ ❞❡s✐❣♥ ❛♣♣❧✐❝❛t✐♦♥s ✇✐t❤ r❡❝♦♥✜❣✉r❛t✐♦♥ ❝❛♣❛❜✐❧✐t✐❡s✳ ❆t
❞❡s✐❣♥ t✐♠❡✱ ✐♥✈❛r✐❛♥ts ❝❛♥ ❜❡ ❞❡s❝r✐❜❡❞ ❢♦r ❡✈❡r② st❛t❡ ❛♥❞ tr❛♥s✐t✐♦♥s ❜❡t✇❡❡♥
st❛t❡s✳ ❚❤❡s❡ ✐♥✈❛r✐❛♥ts ❛r❡ ✉s❡❞ ✐♥ t❤❡ ❞❡s✐❣♥ ♦❢ P❡tr✐ ◆❡ts r❡♣r❡s❡♥t✐♥❣ t❤❡
❞❡s✐r❡❞ ❜❡❤❛✈✐♦r ♦❢ t❤❡ ❛♣♣❧✐❝❛t✐♦♥✳ ❉❡s✐❣♥❡❞ P❡tr✐ ◆❡ts ❝❛♥ ❜❡ ✉s❡❞ t♦ ❝❤❡❝❦
t❤❡ ♣r❡✈✐♦✉s❧② ❞❡✜♥❡❞ ✐♥✈❛r✐❛♥ts ❛♥❞ t♦ ❝r❡❛t❡ ♣r♦t♦t②♣❡s ♦❢ t❤❡ s②st❡♠✳ ❚❤❡
s②st❡♠ ✐s s✉♣♣♦s❡❞ t♦ ❜❡ s❛❢❡ ❜② ❞❡s✐❣♥✱ ✐❢ t❤❡ ❞❡s✐❣♥ ✐s ❝♦rr❡❝t❧② tr❛♥s❧❛t❡❞
t♦ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ◆♦ ❝♦♥tr♦❧ ✐s ♣❡r❢♦r♠❡❞ ❛t r✉♥✲t✐♠❡ ❛❜♦✉t t❤❡ s♣❡❝✐✜❡❞
✐♥✈❛r✐❛♥ts✳ ❆ ♠✐①t✉r❡ ♦❢ r✉❧❡ ❜❛s❡❞ s②st❡♠ ❛♥❞ ✉t✐❧✐t② ❢✉♥❝t✐♦♥s ✐s ♣r♦♣♦s❡❞ ✐♥
❬✺❪✳ ❘✉❧❡s ❛r❡ ♠❛✐♥❧② ✉s❡❞ t♦ ❝❤❛♥❣❡ t❤❡ ♣r✐♦r✐t✐❡s ❢♦r t❤❡ ✉t✐❧✐t② ❢✉♥❝t✐♦♥s ✇❤❡♥
❛ st❛t❡ ❝❤❛♥❣❡ ✐s ❞❡t❡❝t❡❞✳ ❚❤❡ ♥✉♠❜❡r ♦❢ ♣♦ss✐❜❧❡ ❛✈❛✐❧❛❜❧❡ ❝♦♥✜❣✉r❛t✐♦♥s ❝❛♥
❣r♦✇ ❡①♣♦♥❡♥t✐❛❧❧②✱ s♦ ❝❛❧❝✉❧❛t✐♦♥ ♦❢ t❤❡ ✉t✐❧✐t② ❢✉♥❝t✐♦♥s ❛t r✉♥✲t✐♠❡ ✐s ❝♦st❧②✳
❚❤❡ ❢♦❧❧♦✇✐♥❣ ✇♦r❦ ❝♦✈❡r ❜❛s✐❝ ❛s♣❡❝ts ✐♥ ✈❡r✐✜❝❛t✐♦♥ ❛♥❞ ✈❛❧✐❞❛t✐♦♥ ♦❢ ❊❈❆
r✉❧❡ s②st❡♠s✳ ■♥ ❬✶✺❪✱ ❛ ✇❛② t♦ ✈❛❧✐❞❛t❡ ❛ s❡t ♦❢ r✉❧❡s ✐♥ ❛ ❦♥♦✇❧❡❞❣❡ ❜❛s❡❞ s②st❡♠s
✐s ♣r♦♣♦s❡❞✳ ■t ❞❡✜♥❡s ❞✐✛❡r❡♥t t②♣❡s ♦❢ r✉❧❡s t♦ ❝r❡❛t❡ ❛ r✉❧❡ ♥❡t ❝♦♥s✐st✐♥❣ ♦❢
❝❤❛✐♥❡❞ r✉❧❡s✱ ✇❤✐❝❤ ❡①♣❧✐❝✐t❧② ✐♥✈♦❦❡ ♦t❤❡r r✉❧❡s✳ ■♥ t❤❡ r✉❧❡ ♥❡t✱ ✐t ❝❤❡❝❦s ✐❢
❞✐✛❡r❡♥t ♣❛t❤s ❝♦♥t❛✐♥ ✐♥❝♦♥s✐st❡♥❝✐❡s ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❝♦♥str❛✐♥ts ❞❡✜♥❡❞ ✐♥
t❤❡ s②st❡♠ ♦r ♦t❤❡r r✉❧❡s✳ ■♥ ❬✶✶❪✱ ❛♥ ✐♥❢r❛str✉❝t✉r❡ ✐s ❞❡s❝r✐❜❡❞ t♦ ❞❡t❡❝t ❛♥❞
s♦❧✈❡ st❛t✐❝ ✭❝♦♠♣✐❧❛t✐♦♥ t✐♠❡✮ ❛♥❞ ❞②♥❛♠✐❝ ✭❡①❡❝✉t✐♦♥ t✐♠❡✮ ❝♦♥✢✐❝ts ❢♦r ❛
❢r❛♠❡✇♦r❦ ♦❢ ❲❙✲❊❈❆✳ ❚❤✐s ❢r❛♠❡✇♦r❦ ✐s ❜❛s❡❞ ✐♥ t❤❡ ✉s❡ ♦❢ ❊❈❆ r✉❧❡s ❢♦r
❲❡❜ ❙❡r✈✐❝❡s✳ ❚❤❡ ❡①✐st❡♥❝❡ ♦❢ ❞✐str✐❜✉t❡❞ ❞❡✈✐❝❡s ✇✐t❤ t❤❡✐r ♦✇♥ r✉❧❡s ♠❛②
❧❡❛❞ t♦ ❝♦♥✢✐❝t✐♥❣ r✉❧❡s✳ ◆♦ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ✐s ❞❡s❝r✐❜❡❞ ❢♦r t❤✐s ✐♥❢r❛str✉❝t✉r❡✳
■♥ ❬✶✽❪✱ ❛ ♠♦r❡ ❝♦♠♣❧❡t❡ ♣r♦♣♦s❛❧ ✐s ❞❡s❝r✐❜❡❞ t♦ ✈❡r✐❢② ❛♥ ❊❈❆ r✉❧❡ ❜❛s❡❞
s②st❡♠✳ ■t st❛rts ❢♦r♠❛❧✐③✐♥❣ t❤❡ s②st❡♠ t♦ ❜❡ ❛❜❧❡ t♦ ❞❡✜♥❡ t❤❡ ♣r♦❜❧❡♠s ♦❢
r❡❞✉♥❞❛♥❝②✱ ✐♥❝♦♥s✐st❡♥❝② ❛♥❞ ❝✐r❝✉❧❛r✐t②✳ ❚❤r❡❡ ❧❡✈❡❧s ❛r❡ ❞❡s❝r✐❜❡❞ r❡❣❛r❞✐♥❣
t❤❡ ✈❡r✐✜❝❛t✐♦♥ ❛♥❞ ✈❛❧✐❞❛t✐♦♥ ♦❢ t❤❡s❡ ♣r♦❜❧❡♠s✳ ▲❡✈❡❧ ✶ r❡❢❡rs ♦♥❧② t♦ r✉❧❡
s❡t ❧❡✈❡❧✱ ✇❤❡r❡ ♥♦ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t r✉♥✲t✐♠❡ ❡①❡❝✉t✐♦♥ ✐s ❝♦♥s✐❞❡r❡❞✳ ▲❡✈❡❧ ✷
t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t ❞✐r❡❝t r❡s✉❧ts ♦❢ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ ❛❝t✐♦♥s ♦♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t✳
❚❤✐s ♠❡❛♥s ❛❝t✐♦♥s t❤❛t ✇✐❧❧ ❞✐r❡❝t❧② ♣r♦✈♦❦❡ ♥❡✇ ❡✈❡♥ts ❛❝t✐✈❛t✐♥❣ r✉❧❡s✳ ▲❡✈❡❧ ✸
t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t ❛❧❧ t❤❡ ♣♦ss✐❜❧❡ r❡s♣♦♥s❡s ♦❢ t❤❡ ❡♥✈✐r♦♥♠❡♥t✱ ✇❤✐❝❤ ❝❛♥♥♦t ❜❡
♣r❡✈✐♦✉s❧② ❦♥♦✇♥ ❜❡❝❛✉s❡ t❤❡② ❛r❡ ❝♦♠♣❧❡t❡❧② r❛♥❞♦♠ ♦r ✉♥♣r❡❞✐❝t❛❜❧❡✳ ❈❡rt❛✐♥
♣r♦❜❧❡♠s ❝❛♥ ♦♥❧② ❜❡ ✈❡r✐✜❡❞ ❛t s♦♠❡ ❧❡✈❡❧s ❜❡❝❛✉s❡ ♦❢ t❤❡ r❡q✉✐r❡❞ ✐♥❢♦r♠❛t✐♦♥
t♦ ♣❡r❢♦r♠ s✉❝❤ ✈❡r✐✜❝❛t✐♦♥s✳ ■♥ ❬✹❪✱ ❛ ♠❡t❤♦❞ ✐s ♣r♦✈✐❞❡❞ t♦ ✈❡r✐❢② ❊❈❆ r✉❧❡
s②st❡♠s ✇✐t❤ ❢♦r♠❛❧ ♠❡t❤♦❞s✱ tr❛♥s❢♦r♠✐♥❣ t❤❡ ❊❈❆ r✉❧❡s s❡t ✐♥t♦ ❛ s❡t ♦❢
❞✐✛❡r❡♥t ❦✐♥❞s ♦❢ ❛✉t♦♠❛t❛ ❢♦r ❡✈❡r② ♣❛rt ♦❢ t❤❡ ♣r♦❝❡ss✱ ❛♥❞ ✉s✐♥❣ t❤❡ ❛✉t♦♠❛t❛
✈❡r✐✜❝❛t✐♦♥ t♦♦❧ ❯♣♣❛❛❧✳ ❚❤✐s ✈❡r✐✜❝❛t✐♦♥ ✐s ❧✐♠✐t❡❞ t♦ ♣❡r❢♦r♠✐♥❣ ♠♦❞❡❧ ❝❤❡❝❦✐♥❣
♦❢ t✐♠❡❞ ❛✉t♦♠❛t❛ ❛♥❞ t❤❡✐r ❝♦rr❡s♣♦♥❞❡♥❝❡ t♦ t❤❡ ♣r♦✈✐❞❡❞ ❊❈❆ r✉❧❡ s❡t✳
❊✈❡r② ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ✐♠♣♦s❡s ❞✐✛❡r❡♥t ❡①❡❝✉t✐♦♥
s❡♠❛♥t✐❝s✳ ❚❤❡s❡ s❡♠❛♥t✐❝s ❝❛♥ ✈❛r② ❢r♦♠ ♣❛r❛❧❧❡❧ s②♥❝❤r♦♥✐③❡❞ ❡①❡❝✉t✐♦♥ ♦❢
r✉❧❡s t♦ ❡①❡❝✉t✐♦♥ ✐♥ ❞❡♣t❤ ✜rst ❛♥❞ ❞✐s❝❛r❞ ♦❢ ♣r❡✈✐♦✉s❧② ❛❝t✐✈❛t❡❞ r✉❧❡s✳ ❙♦ t❤❡
r❡s✉❧t ♦❢ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ ❛ r✉❧❡ s❡t ❞✐✛❡rs ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❡①❡❝✉t✐♦♥ ♣♦❧✐❝②
♦❢ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥✳ ❆❧❧ t❤❡ ♣r♦♣♦s❛❧s ❞❡s❝r✐❜❡❞ ❛❜♦✈❡ ❛r❡ ❝❡♥t❡r❡❞ ✐♥ ♦♥❡
❦✐♥❞ ♦❢ ❊❈❆ r✉❧❡ s②st❡♠ ❡①❡❝✉t✐♦♥ ♣♦❧✐❝②✱ ♦r t❤❡② ❞♦ ♥♦t t❛❦❡ ✐♥t♦ ❛❝❝♦✉♥t t❤❛t
r❡s✉❧ts ❞❡♣❡♥❞ ♦♥ t❤❡ ❡①❡❝✉t✐♦♥ ♣♦❧✐❝② ✉s❡❞ ❜② ❡✈❡r② ❞✐✛❡r❡♥t ✐♠♣❧❡♠❡♥t❛t✐♦♥s✳
■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ♣r♦♣♦s❡ ❛ s♦❧✉t✐♦♥ t❤❛t t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t t❤❡ ❞❡s✐r❡❞ ❡①❡❝✉t✐♦♥
♣♦❧✐❝② ♦❢ t❤❡ t❛r❣❡t ✐♠♣❧❡♠❡♥t❛t✐♦♥ t♦ ✈❡r✐❢② ❛♥ ❊❈❆ r✉❧❡s s❡t✳
✷✳✷ ❙②♥❝❤r♦♥♦✉s r❡❛❝t✐✈❡ ♣r♦❣r❛♠♠✐♥❣ ❛♥❞ ❍❡♣t❛❣♦♥✴❇❩❘
❘❡❛❝t✐✈❡ s②st❡♠s ❛r❡ ✐♥t❡r❛❝t✐✈❡ s②st❡♠s t❤❛t ❝♦♥st❛♥t❧② ❝♦♠♠✉♥✐❝❛t❡ ✇✐t❤ t❤❡✐r
❡♥✈✐r♦♥♠❡♥t t❛❦✐♥❣ ✐♥t♦ ❛❝❝♦✉♥t t❤❡ t✐♠✐♥❣ ♥❡❡❞s ♦❢ t❤✐s ❡♥✈✐r♦♥♠❡♥t ❬✾❪✳ ❚❤❡s❡
s②st❡♠s ✇✐❧❧ ✇♦r❦ r❡❛❝t✐♥❣ t♦ r❡❝❡✐✈❡❞ ❡✈❡♥ts ♦r ❜② s❛♠♣❧✐♥❣ ✐♥❝♦♠✐♥❣ s✐❣♥❛❧s✳
❙②♥❝❤r♦♥♦✉s ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡s ❛❧❧♦✇ ♣r♦❣r❛♠♠✐♥❣ ♦❢ r❡❛❝t✐✈❡ s②st❡♠s
✉s✐♥❣ ❛✉t♦♠❛t❛✱ ✇❤❡r❡ r❡❛❝t✐♦♥s ✇✐❧❧ ❝♦rr❡s♣♦♥❞ t♦ t❤❡ ❛✉t♦♠❛t❛ tr❛♥s✐t✐♦♥s✳
❈♦♠♣✉t❛t✐♦♥s ❛♥❞ tr❛♥s✐t✐♦♥s ♣❡r❢♦r♠❡❞ ❜② ❝♦♠♣♦s❡❞ ❛✉t♦♠❛t❛ ❛r❡ ❝♦♥s✐❞❡r❡❞
t♦ ♦❝❝✉r ✐♥ ♣❛r❛❧❧❡❧ ❛t t❤❡ s❛♠❡ t✐♠❡ ✐♥st❛♥t✳ ❚❤✐s ✐♥tr✐♥s✐❝ s②♥❝❤r♦♥✐s♠ ♠❛❦❡s
✐t ❡❛s✐❡r t♦ ♣r❡s❡r✈❡ t❤❡ ❞❡t❡r♠✐♥✐s♠✱ ❛♥❞ ❛❧❧♦✇s t❤❡s❡ ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡s
t♦ ❜❡ ❜❛s❡❞ ♦♥ s♦✉♥❞ ❢♦r♠❛❧ s❡♠❛♥t✐❝s✳ ❚❤✉s✱ t❤❡s❡ ❧❛♥❣✉❛❣❡s ❛r❡ ♣r♦✈✐❞❡❞ ✇✐t❤
t♦♦❧s ❢♦r t❤❡ ✈❡r✐✜❝❛t✐♦♥ ✭❡✳❣✳✱ ❜② ❛✉t♦♠❛t❡❞ t❡st ♦r ♠♦❞❡❧✲❝❤❡❝❦✐♥❣✮ ♦r ❝♦♥tr♦❧
✭❡✳❣✳✱ ❜② ❝♦♥tr♦❧❧❡r s②♥t❤❡s✐s✮ ♦❢ ♣r♦❣r❛♠s✳
❍❡♣t❛❣♦♥✴❇❩❘ ❬✷❪ ✐s ❛ s②♥❝❤r♦♥♦✉s ❞❛t❛✢♦✇ ♣r♦❣r❛♠♠✐♥❣ ❧❛♥❣✉❛❣❡ ✇✐t❤
s✉♣♣♦rt ❢♦r ❡q✉❛t✐♦♥s ❛♥❞ ❛✉t♦♠❛t❛✳ ❚❤✐s ❧❛♥❣✉❛❣❡ ❛❧s♦ ♣r♦✈✐❞❡s ❛ ❝♦♥tr❛❝t
♠❡❝❤❛♥✐s♠ ❛❧❧♦✇✐♥❣ t❤❡ ✉s❡ ♦❢ ❞✐s❝r❡t❡ ❝♦♥tr♦❧❧❡r s②♥t❤❡s✐s ✭❉❈❙✮ ✇✐t❤✐♥ t❤❡
❝♦♠♣✐❧❛t✐♦♥✱ ✉s✐♥❣ t❤❡ ❙✐❣❛❧✐ s②♥t❤❡s✐s t♦♦❧ ❬✶✷❪✳ ❚❤❡ ❞✐s❝r❡t❡ ❝♦♥tr♦❧❧❡r s②♥t❤❡✲
s✐s ♠❡t❤♦❞ ✐s ❜❛s❡❞ ✐♥ ♣❛rt✐t✐♦♥✐♥❣ ✐♥♣✉t ✈❛r✐❛❜❧❡s ✐♥t♦ ❝♦♥tr♦❧❧❛❜❧❡ ❛♥❞ ✉♥❝♦♥✲
tr♦❧❧❛❜❧❡ ♦♥❡s✳ ❋♦r ❛ ❣✐✈❡♥ ♦❜❥❡❝t✐✈❡✱ s✉❝❤ ❛s st❛②✐♥❣ ✐♥ ❛ s✉❜s❡t ♦❢ st❛t❡s✱ ✐ts
❉❈❙ ❛❧❣♦r✐t❤♠ ✇✐❧❧ ❛✉t♦♠❛t✐❝❛❧❧② ❝♦♠♣✉t❡✱ ❜② s②♠❜♦❧✐❝ ❡①♣❧♦r❛t✐♦♥ ♦❢ t❤❡ st❛t❡
s♣❛❝❡✱ t❤❡ ❝♦♥str❛✐♥t ♦♥ ❝♦♥tr♦❧❧❛❜❧❡ ✈❛r✐❛❜❧❡s✱ s♦ t❤❛t t❤❡ ❜❡❤❛✈✐♦r s❛t✐s✜❡s t❤❡
♦❜❥❡❝t✐✈❡✱ ✇❤❛t❡✈❡r ❜❡ t❤❡ ✈❛❧✉❡s ♦❢ t❤❡ ✐♥♣✉ts ❢r♦♠ t❤❡ ❡♥✈✐r♦♥♠❡♥t✳ ❋✐❣✉r❡
✶✭❛✮ r❡♣r❡s❡♥ts t❤❡ ❝♦♥tr♦❧ ❧♦♦♣✳ ❚❤❡ ❛✉t♦♠❛t❛✲❜❛s❡❞ ♣r♦❣r❛♠ ✐s ✐♥ ❝❤❛r❣❡ ♦❢
❝♦♥tr♦❧❧✐♥❣ t❤❡ ❡♥✈✐r♦♥♠❡♥t✳ ❚❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ ❛✉t♦♠❛t❛ ✐s ❝♦♥str❛✐♥❡❞ ❜②
t❤❡ s②♥t❤❡s✐③❡❞ ❝♦♥tr♦❧❧❡r✱ ✇❤✐❝❤ ✐s ✐♥ ❝❤❛r❣❡ ♦❢ ♠❛✐♥t❛✐♥✐♥❣ t❤❡ s②st❡♠ ✐♥ t❤❡
❞❡s✐r❡❞ s✉❜s❡t ♦❢ st❛t❡s✳ ❚❤❡ ♠❛✐♥ ❡❧❡♠❡♥ts ♦❢ ❛ ❍❡♣t❛❣♦♥✴❇❩❘ ♣r♦❣r❛♠ ❛r❡✿
✕ ◆♦❞❡s✿ ❜❧♦❝❦s ♦❢ ❡q✉❛t✐♦♥s ♦r ❛✉t♦♠❛t❛ ✇✐t❤ ✐♥♣✉t ❛♥❞ ♦✉t♣✉t s✐❣♥❛❧s
✕ ❊q✉❛t✐♦♥s✿ ❞❡t❡r♠✐♥✐♥❣ t❤❡ ✈❛❧✉❡ ♦❢ ♥♦❞❡ ♦✉t♣✉ts✳ ❆ s❡t ♦❢ ❡q✉❛t✐♦♥s ✐♥
♣❛r❛❧❧❡❧ ❛r❡ s❡♣❛r❛t❡❞ ❜② s❡♠✐❝♦❧♦♥s✳
✕ ❆✉t♦♠❛t❛✿ ♠♦❞❡ ❛✉t♦♠❛t❛ ✉s✐♥❣ st❛t❡s✱ ✐♥♣✉t ❛♥❞ ♦✉t♣✉t s✐❣♥❛❧s✳
✕ ❈♦♥tr❛❝ts✿ ❞❡s❝r✐❜✐♥❣ ✐♥✈❛r✐❛♥ts t♦ ❜❡ ❡♥❢♦r❝❡❞ ❜② ❝♦♥tr♦❧ ❛t ❡①❡❝✉t✐♦♥✳
❚❤❡ ❝♦♠♣✐❧❡r ❣❡♥❡r❛t❡s ❡①❡❝✉t❛❜❧❡ ❝♦❞❡ ✐♥ ❈ ♦r ❏❛✈❛✳ ❋✐❣✉r❡ ✶✭❜✮ s❤♦✇s ❛♥
❡①❛♠♣❧❡ ♦❢ ❍❡♣t❛❣♦♥✴❇❩❘ ❝♦❞❡✳ ■t ❝♦♥t❛✐♥s ❛ delay ♥♦❞❡✱ ✇✐t❤ ❛♥ ❛✉t♦♠❛t♦♥
✇❤✐❝❤ ♠❛❦❡s ✉s❡ ♦❢ ❛ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡ t♦ ❞❡❧❛② t❤❡ ❡♠✐ss✐♦♥ ♦❢ ❛ r❡❝❡✐✈❡❞
s✐❣♥❛❧✳ ❆ main ♥♦❞❡ ♠❛❦❡s ✉s❡ ♦❢ t❤✐s ❛✉t♦♠❛t♦♥✳ ■t ✐♥❝❧✉❞❡s ❛ ❝♦♥tr❛❝t t♦
❡♥❢♦r❝❡ t❤❛t ❜♦t❤ s✐❣♥❛❧s ❛r❡ ♥♦t ❡♠✐tt❡❞ ❛t t❤❡ s❛♠❡ t✐♠❡✳ ❍❡♣t❛❣♦♥✴❇❩❘
♠❛❦❡s ✉s❡ ♦❢ ❙✐❣❛❧✐ ❛t ❝♦♠♣✐❧❛t✐♦♥ t✐♠❡ t♦ s②♥t❤❡s✐③❡ t❤❡ ♥❡❡❞❡❞ ❝♦♥tr♦❧❧❡r t❤❛t
✇✐❧❧ ♣r♦✈✐❞❡ t❤❡ ❝♦rr❡❝t ✈❛❧✉❡ ❢♦r ❡✈❡r② ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡ ✭c1 ❛♥❞ c2✮✱ ❛♥❞
❤❡♥❝❡ ❢♦r❝✐♥❣ t❤❡ ❞❡❧❛② ♦❢ ♦♥❡ ♦❢ t❤❡ s✐❣♥❛❧s✳ ❚❤❡ ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡ ✭c✮ ✐♥ ❋✐❣✉r❡
✶✭❜✮ ❞❡t❡r♠✐♥❡s ✇❤❡♥ t❤❡ s✐❣♥❛❧ ❤❛s t♦ ❜❡ ❞❡❧❛②❡❞✳ ❲❤❡♥ ❛ new_sig ✐s r❡❝❡✐✈❡❞✱
❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡✱ t❤❡ new_sig ✈❛❧✉❡ ✐s ❡♠✐tt❡❞
✭st❛②✐♥❣ ✐♥ t❤❡ Idle st❛t❡✮ ♦r ❞❡❧❛②❡❞ ✭♣❡r❢♦r♠✐♥❣ ❛ tr❛♥s✐t✐♦♥ t♦ t❤❡ Waiting
st❛t❡✮ ✉♥t✐❧ t❤❡ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡ ✐♥❞✐❝❛t❡s t❤❛t ✐t ❝❛♥ ❜❡ r❡❧❡❛s❡❞✳ ❚❤❡ ✈❛❧✉❡ ♦❢
t❤❡ out ✈❛r✐❛❜❧❡ ✐s ❞❡s❝r✐❜❡❞ ✐♥ ❢✉♥❝t✐♦♥ ♦❢ new_sig ❛♥❞ t❤❡ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡✳
❆✉t♦♠❛t❛ tr❛♥s✐t✐♦♥s ✇✐❧❧ ❜❡ ❡✛❡❝t✐✈❡ ✐♥ t❤❡ ♥❡①t st❡♣ ♦❢ ✐ts ❡①❡❝✉t✐♦♥✳ ❚♦ ❛✈♦✐❞
❞❡❧❛②s ✐♥ t❤❡ ❞❡s✐r❡❞ ❛✉t♦♠❛t♦♥ ♦✉t♣✉t✱ t❤❡ ✈❛❧✉❡ ♦❢ t❤❡ out ✈❛r✐❛❜❧❡ ✐s ❞❡s❝r✐❜❡❞
✐♥ ❢✉♥❝t✐♦♥ ♦❢ new_sig ❛♥❞ t❤❡ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡✳ ❚❤✐s ❛❧❧♦✇s ❡♠✐tt✐♥❣ t❤❡
❞❡s✐r❡❞ ✈❛❧✉❡ ✐♥ t❤❡ s❛♠❡ ❡①❡❝✉t✐♦♥ st❡♣✳
❍❡♣t❛❣♦♥✴❇❩❘ ❤❛s ❜❡❡♥ ✉s❡❞ ❜② s♦♠❡ ✇♦r❦ ✐♥ s♠❛rt ❤♦♠❡ ✴ ❡♥✈✐r♦♥♠❡♥t
❝♦♥t❡①t✱ t♦ ❞❡s✐❣♥ s❛❢❡ ❝♦♥tr♦❧ s②st❡♠s✳ ■♥ ❬✶✾❪✱ ❍❡♣t❛❣♦♥✴❇❩❘ ✐s ♣r♦♣♦s❡❞ ❢♦r
t❤❡ ❛✉t♦♥♦♠✐❝ ♠❛♥❛❣❡♠❡♥t ♦❢ s♠❛❧❧ ❡♥✈✐r♦♥♠❡♥ts✳ ❚❤❡ ❜❡❤❛✈✐♦r ♦❢ ❞❡✈✐❝❡s ✐s
r❡♣r❡s❡♥t❡❞ ✉s✐♥❣ ❛✉t♦♠❛t❛ ❛♥❞ ❝♦♥tr♦❧ ♦❜❥❡❝t✐✈❡s ❛r❡ ❞❡s❝r✐❜❡❞ ❛s ❝♦♥tr❛❝ts✳ ❋♦r
✐♥st❛♥❝❡✱ ✐t ❝❛♥ ❛✈♦✐❞ t❤❡ r❡q✉❡st t♦ t✉r♥ ♦♥ ❛ ❞❡✈✐❝❡ ✐❢ ✐t ❝❛♥ ❣❡♥❡r❛t❡ ❛♥ ❡♥❡r❣②
❝♦♥s✉♠♣t✐♦♥ ❤✐❣❤❡r t❤❛♥ t❤❡ s♣❡❝✐✜❡❞✳ ■♥ ❬✼❪✱ ❛ s✐♠✐❧❛r ❛♣♣r♦❛❝❤ ✐s ♣r♦♣♦s❡❞
✭❛✮
DCS ctrlr
model
automaton
system
managed
BZR program
executemonitor
✭❜✮
node delay
(new_sig: bool; c:bool)
returns (out: bool)
let automaton
state Idle
do out=new_sig & c
until new_sig & not c
then Waiting
| new_sig & c then Idle
state Waiting
do out=c
until c then Idle
end tel
node main
(signal1, signal2: bool)
returns (d1, d2:bool)
contract
enforce not (d1 & d2)
with (c1,c2:bool)
let
d1 = delay(signal1, c1);
d2 = delay(signal2, c2);
tel
❋✐❣✳ ✶✳ ❉✐s❝r❡t❡ ❝♦♥tr♦❧✿ ✭❛✮ ❝♦♥tr♦❧ ♠♦❞❡❧❀ ✭❜✮ ❝♦♥tr♦❧❧❡❞ ❛✉t♦♠❛t♦♥ ❡①❛♠♣❧❡✳
t♦ ♣r♦✈✐❞❡ s❛❢❡ ❡♥✈✐r♦♥♠❡♥t ❢♦r ❞✐s❛❜❧❡❞ ♣❡♦♣❧❡✳ ❍♦✇❡✈❡r✱ ♥♦♥❡ ♦❢ t❤❡s❡ ✇♦r❦s
❢❡❛t✉r❡❞ ❊❈❆ r✉❧❡s ❛s ❛ ❤✐❣❤✲❧❡✈❡❧ ❞❡s❝r✐♣t✐♦♥ ❧❛♥❣✉❛❣❡✳ ■♥ ❛♥♦t❤❡r ❞♦♠❛✐♥✱ t❤❡
❝♦♦r❞✐♥❛t✐♦♥ ♦❢ ♠✉❧t✐♣❧❡ ❛✉t♦♥♦♠✐❝ ❧♦♦♣s ✐♥ ❛❞❛♣t✐✈❡ ❝♦♠♣✉t✐♥❣ s②st❡♠s ❤❛s
❜❡❡♥ ❛♣♣r♦❛❝❤❡❞ ✇✐t❤ ❛ ❞✐s❝r❡t❡ ❝♦♥tr♦❧ ❛♣♣r♦❛❝❤ ❬✻❪✳
✸ ▼♦❞❡❧✐♥❣ ❊❈❆ r✉❧❡s
❍❡r❡ ✇❡ ❞❡s❝r✐❜❡ ❛ ❢♦r♠❛❧✐③❛t✐♦♥ ♦❢ ❛♥ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ t♦ ❜❡ ❛❜❧❡ t♦
tr❛♥s❧❛t❡ ✐t ✐♥t♦ ❛ ❍❡♣t❛❣♦♥✴❇❩❘ ♣r♦❣r❛♠✳ ❚❤❡ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ✐s ❛s✲
s✉♠❡❞ t♦ ❜❡ ❝♦♥♥❡❝t❡❞ t♦ t❤❡ ♣❤②s✐❝❛❧ ✇♦r❧❞ t❤r♦✉❣❤ ❞❡✈✐❝❡s t❤❛t ♠❛② ✇♦r❦
❛s s❡♥s♦rs ♦r ❛❝t✉❛t♦rs✳ ❚❤❡ ❝♦♥tr♦❧ s②st❡♠ ❧♦♦♣ ✐s ❣❡♥❡r❛t❡❞ ♣r♦✈✐❞✐♥❣ ❞❡✈✐❝❡s
✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❡♥✈✐r♦♥♠❡♥t t♦ t❤❡ r✉❧❡s ❛♥❞ t❤❡♥ s❡♥❞✐♥❣ t❤❡ r❡s✉❧t ♦❢
r✉❧❡s ❛❣❛✐♥ t♦ ❞❡✈✐❝❡s✳ ❆ r✉❧❡ ❜❛s❡❞ s②st❡♠ S = (R,E,D) ✐s ❝♦♠♣♦s❡❞ ♦❢ ❛ s❡t
♦❢ r✉❧❡s R✱ ❛ s❡t ♦❢ ❡✈❡♥ts E ❛♥❞ ❛ s❡t ♦❢ ❞❡✈✐❝❡s D✳ ❲❡ ❝♦♥s✐❞❡r t❤❛t r✉❧❡s✱
❡✈❡♥ts✱ ❞❡✈✐❝❡s ❛♥❞ s✐❣♥❛❧s ❛r❡ ✐❞❡♥t✐✜❡❞ ❜② ✉♥✐q✉❡ ♥❛♠❡s✱ t❛❦❡♥ ✐♥ ❛ ♥❛♠❡ s❡t
N ✳ ❚❤✉s✱ ❡✈❡♥ts ❛r❡ ♥❛♠❡s✱ ✐✳❡✳✱ E ⊂ N ✳ ❉❡✈✐❝❡s d ∈ D ❛r❡ ❛ ✈✐rt✉❛❧ r❡♣r❡✲
s❡♥t❛t✐♦♥ ♦❢ ♣❤②s✐❝❛❧ ❞❡✈✐❝❡s ✐♥ t❤❡ s②st❡♠ ❛s s❡♥s♦rs ❛♥❞ ❛❝t✉❛t♦rs✳ ❆ ❞❡✈✐❝❡
d = (n, I,O)✱ ♥❛♠❡❞ n✱ ✐s ❝♦♠♣♦s❡❞ ♦❢ ❛ s❡t ♦❢ ✐♥♣✉t s✐❣♥❛❧s I ⊂ N ❛♥❞ ❛
s❡t ♦❢ ♦✉t♣✉t s✐❣♥❛❧s O ⊂ N ✳ ■♥ t❤❡ ❢♦❧❧♦✇✐♥❣✱ ✇❡ ✇✐❧❧ ❞❡♥♦t❡ ❜② Expr(O) t❤❡
s❡t ♦❢ ❇♦♦❧❡❛♥ ❡①♣r❡ss✐♦♥s ❞❡✜♥❡❞ ♦♥ t❤❡ s❡t ♦❢ ♦✉t♣✉t s✐❣♥❛❧s O✳ ❚❤❡ ❢✉♥❝t✐♦♥
EventExpr ∈ E → Expr(O) ♠❛♣s ❡✈❡♥ts t♦ ❜♦♦❧❡❛♥ ❡①♣r❡ss✐♦♥s ❜❛s❡❞ ♦♥ ♦✉t♣✉t
s✐❣♥❛❧s r❡❝❡✐✈❡❞ ❢r♦♠ ❞❡✈✐❝❡s✳ ❚❤❡ ❡✈❡♥t e ∈ E ✐s ❛❝t✐✈❛t❡❞ ✇❤❡♥❡✈❡r t❤❡ ❡①♣r❡s✲
s✐♦♥ EventExpr(e) ✐s tr✉❡✳ ❘✉❧❡s r ∈ R ❛r❡ ❞❡✜♥❡❞ ❜② ❛ t✉♣❧❡ r = (n, e, c, A)✱
✇❤❡r❡ n ∈ N ✐s t❤❡ ♥❛♠❡ ♦❢ t❤❡ r✉❧❡✱ e ∈ E t❤❡ ❛❝t✐✈❛t✐♥❣ ❡✈❡♥t✱ c ∈ Expr(O)
t❤❡ ❝♦♥❞✐t✐♦♥✱ ❛♥❞ A ⊂ I ❛ s❡t ♦❢ ❛❝t✐♦♥s t♦ ♣❡r❢♦r♠✳ ❚❤❡ ❝♦♥❞✐t✐♦♥ ✐s ❛ ❜♦♦❧❡❛♥
❡①♣r❡ss✐♦♥ ❜❛s❡❞ ♦♥ t❤❡ ♦✉t♣✉t ♦❢ ❞❡✈✐❝❡s✳ ■❢ t❤❡ ❡✈❡♥t ♦❝❝✉rs ❛♥❞ t❤❡ ❝♦♥❞✐t✐♦♥
✐s tr✉❡✱ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❛❝t✐♦♥s ✇✐❧❧ ❜❡ ♣❡r❢♦r♠❡❞✳
❋✐❣✉r❡ ✷ s❤♦✇s t❤❡ ❝♦♥❝r❡t❡ ❣r❛♠♠❛r ✉s❡❞ ❜② t❤❡ ✐♠♣❧❡♠❡♥t❡❞ t♦♦❧ t♦ tr❛♥s✲
❧❛t❡ ❛ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ✐♥t♦ ❛ ❍❡♣t❛❣♦♥✴❇❩❘ ♣r♦❣r❛♠✳ ❚❤❡ ❞❡s❝r✐♣t✐♦♥s
❝♦♥t❛✐♥s ❧✐sts ♦❢ ❡✈❡♥ts✱ r✉❧❡s ❛♥❞ ❞❡✈✐❝❡s✳ ❊✈❡♥ts ❝❛♥ ❜❡ ✐♥t❡r♥❛❧ ✭❣❡♥❡r❛t❡❞ ❜②
r✉❧❡s ❛s ❛♥ ❛❝t✐♦♥✱ ✐♥❞✐❝❛t❡❞ ❜② t❤❡ INTERNAL t❡r♠✮ ♦r ❜❡ ❣❡♥❡r❛t❡❞ ✐❢ t❤❡ ❞❡✲
s❝r✐❜❡❞ ❡①♣r❡ss✐♦♥ ❜❡❝♦♠❡s tr✉❡ ✭✇❤❡♥ t❤❡ t❡r♠ IF ✐s ✉s❡❞ ✐♥ ✐ts ❞❡s❝r✐♣t✐♦♥✮✳
<ECA-system> ::= <events_list> <rules_list> <devices_list>
<event_lists> ::= <event> | <event> <event_lists>
<event> ::= EVENT <event_name> IF <expression> | EVENT <event_name> IS INTERNAL
<rules_list> ::= <rule> | <rule> <rule_list>
<rule> ::= ON <event_name> IF <condition> DO <action_list>
<action_list> ::= <action_name> | <action_name>, <action_list>
<device_list> ::= <device> | <device> <device_list>
<device> ::= DEVICE <device_name> [ SIMULTANEOUS ( DISCARD | DELAY )]
[INPUTS (<input_list>)] [OUTPUTS (<outputs_list>)]
❋✐❣✳ ✷✳ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ❞❡s❝r✐♣t✐♦♥ ❣r❛♠♠❛r
❘✉❧❡s ❝♦♥t❛✐♥ t❤❡ ❡✈❡♥t ♥❛♠❡ t❤❛t ❛❝t✐✈❛t❡s t❤❡♠ ✭♣r❡❝❡❞❡❞ ❜② t❡r♠ ON✮✱ ❛
❜♦♦❧❡❛♥ ❡①♣r❡ss✐♦♥ t♦ ❞❡t❡r♠✐♥❡ ✐❢ ❝❡rt❛✐♥ ❝♦♥❞✐t✐♦♥s ❛♣♣❧② ✭♣r❡❝❡❞❡❞ ❜② t❡r♠
IF✮✱ ❛♥❞ t❤❡ ❧✐st ♦❢ ❛❝t✐♦♥s t❤❛t ❤❛✈❡ t♦ ❜❡ ♣❡r❢♦r♠❡❞ ✐❢ ❡✈❡♥t ❛♥❞ ❝♦♥❞✐t✐♦♥ ❛r❡
tr✉❡ ✭♣r❡❝❡❞❡❞ ❜② t❡r♠ DO✮✳ ❚❤❡ ❞❡✈✐❝❡ ❝♦♥t❛✐♥s t❤❡ ❞❡✈✐❝❡ ♥❛♠❡✱ ❛ s♣❡❝✐✜❝❛t✐♦♥
♦❢ t❤❡ ♣♦❧✐❝② t♦ ❜❡ ✉s❡❞ ✐♥ t❤❡ ❞❡✈✐❝❡ ✇❤❡♥ ♠✉❧t✐♣❧❡ s✐♠✉❧t❛♥❡♦✉s ❛❝t✐♦♥s ❛r❡
s❡♥t t♦ t❤✐s ❞❡✈✐❝❡✱ ❛ ❧✐st ♦❢ ✐♥♣✉ts ❛♥❞ ❛ ❧✐st ♦❢ ♦✉t♣✉ts ♦❢ t❤❡ ❞❡✈✐❝❡✳ ❚❤❡ t❡r♠
SIMULTANEOUS ❛❧❧♦✇s s♣❡❝✐❢②✐♥❣ t❤❡ ♣♦❧✐❝② ✉s❡❞ ✇❤❡♥ ♠✉❧t✐♣❧❡ s✐❣♥❛❧s ❛r❡ s❡♥t
t♦ t❤❡ s❛♠❡ ❞❡✈✐❝❡✳ DISCARD ❛❧❧♦✇s ❞✐s❝❛r❞✐♥❣ ❛❧❧ t❤❡ s✐❣♥❛❧s ❜✉t ♦♥❡✳ DELAY
❛❧❧♦✇s ❞❡❧❛②✐♥❣ ❛❧❧ t❤❡ s✐❣♥❛❧s ❜✉t ♦♥❡✳ ❉❡❧❛②❡❞ s✐❣♥❛❧s ✇✐❧❧ ❜❡ ❡♠✐tt❡❞ ❧❛t❡r✱
✐♥ ❢♦❧❧♦✇✐♥❣ ❡①❡❝✉t✐♦♥s ♦❢ t❤❡ ❝♦♥tr♦❧❧❡r✱ ✐♥ ♦r❞❡r ♦❢ ♣r✐♦r✐t②✳ ❚❤❡ ♣r✐♦r✐t② ✐♥ ❛❧❧
❝❛s❡s ✐s ❣✐✈❡♥ ❜② t❤❡ ♦r❞❡r ✐♥ ✇❤✐❝❤ ✐♥♣✉t ❛♥❞ ♦✉t♣✉t s✐❣♥❛❧s ❛r❡ ❞❡❝❧❛r❡❞✳ ■♥♣✉ts
❛♥❞ ♦✉t♣✉ts ❛r❡ ♦♣t✐♦♥❛❧ ✐♥ t❤❡ ❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❞❡✈✐❝❡✳ ❆t ❧❡❛st ♦♥❡ s❤♦✉❧❞ ❜❡
✐♥❞✐❝❛t❡❞✳ ■❢ t❤❡ ❞❡✈✐❝❡ ♣♦❧✐❝② ✐s ♥♦t s♣❡❝✐✜❡❞✱ t❤❡ ❞❡❢❛✉❧t ✈❛❧✉❡ ✐s DISCARD✳
❋✐❣✉r❡ ✸ s❤♦✇s ❛♥ ❡①❛♠♣❧❡ ✐♥❝❧✉❞✐♥❣ r✉❧❡s ❢r♦♠ ❙❡❝t✐♦♥ ✶✿ light1_change
✇✐❧❧ ❜❡ ❛❝t✐✈❛t❡❞ ✐❢ ❧✐❣❤t✶ ✐s t✉r♥❡❞ ♦♥ ♦r ♦✛✳ ❚❤❡ ♥❡❡❞❡❞ ❡✈❡♥ts ❛♥❞ ❞❡✈✐❝❡s ❛r❡
❛❧s♦ ❞❡s❝r✐❜❡❞✿ presence ❛♥❞ temperature s❡♥s♦rs ❛r❡ ✉s❡❞✱ ✇✐t❤ ♦♥❧② ♦✉t♣✉ts✳
EVENT presence:BOOL IF presence_get
EVENT TV_lights:BOOL IF TV_on
EVENT light1_change IF light1_on or light1_off
EVENT light2_change IF light2_on or light2_off
ON presence IF (temperature_get < 15) DO heater_on
ON presence IF (temperature_get < 15) DO heater_on, door_close
ON presence IF true DO light1_on
ON presence IF true DO TV_on
ON TV_lights IF TV_on DO light1_off
ON light1_change IF light1_on DO light2_off
ON light1_change IF light1_off DO light2_on
ON light2_change IF light2_on DO light1_on
ON light2_change IF light2_off DO light1_off
DEVICE presence OUTPUTS (get:BOOL)
DEVICE temperature OUTPUTS (get:BOOL)
DEVICE light1 SIMULTANEOUS DISCARD INPUTS (on:BOOL, off:BOOL) OUTPUTS (on:BOOL, off:BOOL)
DEVICE light2 SIMULTANEOUS DISCARD INPUTS (on:BOOL, off:BOOL) OUTPUTS (on:BOOL, off:BOOL)
DEVICE TV SIMULTANEOUS DELAY INPUTS (on:BOOL, off:BOOL) OUTPUTS (on:BOOL, off:BOOL)
❋✐❣✳ ✸✳ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ❞❡s❝r✐♣t✐♦♥ ❡①❛♠♣❧❡
Rule 1
Rule 2
Rule 3
Rule 4
Event 2
Event 1
Event 3
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events rules devices
❋✐❣✳ ✹✳ ❍❡♣t❛❣♦♥✴❇❩❘ ❝♦❞❡ ❞❡t❛✐❧❡❞ ♠♦❞❡❧
✹ ❚r❛♥s❢♦r♠❛t✐♦♥ t♦ s②♥❝❤r♦♥♦✉s ❧❛♥❣✉❛❣❡
❲❡ ♣r♦♣♦s❡ ❛ tr❛♥s❢♦r♠❛t✐♦♥ t♦ ❍❡♣t❛❣♦♥✴❇❩❘ ❝♦❞❡ ❢r♦♠ t❤❡ ❞❡s❝r✐❜❡❞ ❊❈❆
r✉❧❡✲❜❛s❡❞ s②st❡♠✳ ❆s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✹✱ t❤❡ ❣❡♥❡r❛t❡❞ ❍❡♣t❛❣♦♥✴❇❩❘ ♣r♦❣r❛♠
✇✐❧❧ ❜❡ ❞❡✜♥❡❞ ✐♥ t❤❡ ❜♦❞② ♦❢ ❛ main ♥♦❞❡✳ ❚❤✐s ♥♦❞❡ ✐s str✉❝t✉r❡❞ ✐♥t♦ t❤r❡❡
s✉❜✲♥♦❞❡s ♥❛♠❡❞ events✱ rules ❛♥❞ devices✳ ❚❤❡ main ♥♦❞❡ ✇✐❧❧ r❡❝❡✐✈❡ ❛❧❧
t❤❡ s❡♥s♦r s✐❣♥❛❧s ❢r♦♠ t❤❡ ❞❡✈✐❝❡s✳ ❚❤❡ events ♥♦❞❡ ✇✐❧❧ ✉s❡ t❤❡♠ t♦ ❞❡t❡r♠✐♥❡
✐❢ ❡✈❡♥ts ♦❝❝✉r ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ❞❡✜♥✐t✐♦♥✳ ❊✈❡♥ts ❛♥❞ ❞❡✈✐❝❡s s✐❣♥❛❧s ❛r❡ t❤❡♥
♣❛ss❡❞ t♦ t❤❡ rules ♥♦❞❡✱ ✇❤❡r❡ r✉❧❡s ❛r❡ ❛❝t✐✈❛t❡❞ ❛❝❝♦r❞✐♥❣ t♦ t❤❡✐r ✜r✐♥❣
❡✈❡♥t ❛♥❞ ❝♦♥❞✐t✐♦♥✳ ❆❝t✐♦♥s ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛❝t✐✈❛t❡❞ r✉❧❡s ❛r❡ t❤❡♥ ✉s❡❞ ✐♥
t❤❡ devices ♥♦❞❡✱ t♦ ❜❡ ♣r♦❝❡ss❡❞ ❜❡❢♦r❡ ❜❡✐♥❣ s❡♥t t♦ ❞❡✈✐❝❡s✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡
❝♦rr❡s♣♦♥❞✐♥❣ ❞❡✈✐❝❡ ♣♦❧✐❝②✳ ❚❤❡ ❘✉❧❡ ❊♥❣✐♥❡ ❝♦♥t❛✐♥s t❤❡ ❡①❡❝✉t✐♦♥ ♣♦❧✐❝② t♦
❜❡ s✐♠✉❧❛t❡❞✱ ❞❡t❡r♠✐♥✐♥❣ t❤❡ ❜❡❤❛✈✐♦r ♦❢ t❤❡ r✉❧❡✲❜❛s❡❞ s②st❡♠✳ ■ts ♦✉t♣✉t ✐s
t❤❡ ❛❝t✐✈❛t❡❞ ✐♥t❡r♥❛❧ ❡✈❡♥ts✱ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ s♣❡❝✐✜❡❞ ♣♦❧✐❝②✳
✹✳✶ ❈♦❞❡ tr❛♥s❢♦r♠❛t✐♦♥s
❋✐❣✉r❡ ✺ s❤♦✇s t❤❡ s❦❡❧❡t♦♥ ❢♦r t❤❡ ❝♦❞❡ ❣❡♥❡r❛t❡❞ ❢r♦♠ ❛ t❡①t✉❛❧ r❡♣r❡s❡♥t❛t✐♦♥
♦❢ ❛♥ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❣r❛♠♠❛r ♦❢ ❋✐❣✉r❡ ✷✱ ✇✐t❤ t❡r♠s
t❤❛t ❛r❡ ❞❡✜♥❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣✳ ❚❤❡ ♦r❞❡r ♦❢ t❤❡ ♣r♦❣r❛♠ ✐s t❤❛t ♥♦❞❡s ❛r❡ ❞❡✲
✜♥❡❞ ❜❡❢♦r❡ ❜❡✐♥❣ ✉s❡❞ ❛s s✉❜✲♥♦❞❡s ✐♥ ❧❛t❡r ♥♦❞❡s✳ ❚❤❡ main ♥♦❞❡ ✭❡✮ ✐♥✈♦❦❡s
t❤❡ s✉❜✲♥♦❞❡s events ✭❞❡✜♥❡❞ ✐♥ ✭❛✮✮✱ rules ✭❝✮ ❛♥❞ devices ✭❞✮ ♥♦❞❡s✳ ❚❤❡
rules ♥♦❞❡ ✭❝✮ ✐♥✈♦❦❡s t❤❡ s✉❜✲♥♦❞❡ rule_engine ✭❜✮✱ ✇❤✐❝❤ ♠♦❞❡❧s t❤❡ ❡①❡❝✉✲
t✐♦♥ ♣♦❧✐❝②✱ ❛s ❞❡s❝r✐❜❡❞ ✐♥ ✹✳✷✳ ❊✈❡♥t ❞❡t❡❝t♦rs✱ r✉❧❡s ❛♥❞ ❞❡✈✐❝❡s ❛r❡ tr❛♥s❧❛t❡❞
❛s ❧✐sts ♦❢ ❡q✉❛t✐♦♥s ✐♥s✐❞❡ ♦❢ t❤❡ ✐♥❞✐❝❛t❡❞ ♥♦❞❡s✳
❚❤❡ ❞❡✈❡❧♦♣❡❞ t♦♦❧ ✐♠♣❧❡♠❡♥ts s❡✈❡r❛❧ tr❛♥s❢♦r♠❛t✐♦♥ s❝❤❡♠❡s t♦ tr❛♥s❧❛t❡
❡✈❡♥ts✱ r✉❧❡s ❛♥❞ ❞❡✈✐❝❡s ❞❡s❝r✐♣t✐♦♥s ✐♥t♦ ❍❡♣t❛❣♦♥✴❇❩❘ ❝♦❞❡✱ ✇❤✐❝❤ ❛r❡ ❞❡✲
s❝r✐❜❡❞ ❢♦r ❡✈❡r② ❡❧❡♠❡♥t✳ ❲❡ ❝♦♥s✐❞❡r ❛♥ ❊❈❆ s②st❡♠ S = (R,E,D)✳ ❚❤❡
❢✉♥❝t✐♦♥ name ✐s ✉s❡❞ t♦ ❞❡✜♥❡ ❍❡♣t❛❣♦♥✴❇❩❘ ✈❛r✐❛❜❧❡ ♥❛♠❡s ❢r♦♠ t❤❡ s❡t
✭❛✮
node events(❁❞❡✈✐❝❡s❴♦✉t♣✉ts❃)
returns (❁❡✈❡♥t❴♥❛♠❡s❃)
let ❁❡✈❡♥t❴❞❡t❡❝t✐♦♥s❃
tel
✭❜✮
node rule_engine(❁❡✈❡♥t❴♥❛♠❡s❃)
returns (❁✜♥❛❧❴❡✈❡♥t❴♥❛♠❡s❃)
❁❡①❡❝✉t✐♦♥❴♣♦❧✐❝②❴❝♦♥tr❛❝ts❃
let ❁❡①❡❝✉t✐♦♥❴♣♦❧✐❝②❃
tel
✭❝✮
node rules(❁❡✈❡♥t❴♥❛♠❡s❃,
❁❞❡✈✐❝❡s❴♦✉t♣✉ts❃)
returns (❁r❡q✉❡st❴❞❡✈✐❝❡s❴✐♥♣✉ts❃)
var ❁t❡♠♣❴❡✈❡♥t❴♥❛♠❡s❃:bool;
❁r✉❧❡❴♥❛♠❡s❃:bool;
let (❁t❡♠♣❴❡✈❡♥t❴♥❛♠❡s❃)
= rule_engine (❁❡✈❡♥t❴♥❛♠❡s❃) ;
❁r✉❧❡s❴❛❝t✐✈❛t✐♦♥s❃ ;
❁s✐❣♥❛❧s❴❛❝t✐✈❛t✐♦♥❃
tel
✭❞✮
node devices(❁r❡q✉❡st❴❞❡✈✐❝❡s❴✐♥♣✉ts❃)
returns (❁✜♥❛❧❴❞❡✈✐❝❡s❴✐♥♣✉ts❃)
contract
enforce ❁❞❡✈✐❝❡❴♣♦❧✐❝②❴❝♦♥tr❛❝ts❃
with ❁❞❡✈✐❝❡❴♣♦❧✐❝②❴❝♦♥tr♦❧❧❛❜❧❡s❃
let
❁❞❡✈✐❝❡s❴♣♦❧✐❝✐❡s❃
tel
✭❡✮
node main(❁❞❡✈✐❝❡s❴♦✉t♣✉ts❃)
returns (❁✜♥❛❧❴❞❡✈✐❝❡s❴✐♥♣✉ts❃)
var ❁❡✈❡♥t❴♥❛♠❡s❃ ;
❁r❡q✉❡st❴❞❡✈✐❝❡s❴✐♥♣✉ts❃ ;
let
(❁❡✈❡♥t❴♥❛♠❡s❃)
= events(❁❞❡✈✐❝❡s❴♦✉t♣✉ts❃) ;
(❁r❡q✉❡st❴❞❡✈✐❝❡s❴✐♥♣✉ts❃)
= rules(❁❡✈❡♥t❴♥❛♠❡s❃,
❁❞❡✈✐❝❡s❴♦✉t♣✉ts❃);
(❁❞❡✈✐❝❡s❴✐♥♣✉ts❃)
= devices(❁r❡q✉❡st❴❞❡✈✐❝❡s❴✐♥♣✉ts❃);
tel
❋✐❣✳ ✺✳ Pr♦❣r❛♠ str✉❝t✉r❡ ✐♥ ❍❡♣t❛❣♦♥✴❇❩❘
N ♦❢ r✉❧❡s✱ ❡✈❡♥ts ❛♥❞ ❞❡✈✐❝❡s ♥❛♠❡s✳ ❲❡ ❝♦♥s✐❞❡r ❢♦r t❤❡ s❛❦❡ ♦❢ ❝❧❛r✐t② ❛♥❞
s✐♠♣❧✐❝✐t② t❤❛t ❇♦♦❧❡❛♥ ❡①♣r❡ss✐♦♥s ✐♥ t❤❡ ❊❈❆ ❧❛♥❣✉❛❣❡ ❝♦rr❡s♣♦♥❞s t♦ t❤❡
❍❡♣t❛❣♦♥✴❇❩❘ ♦♥❡s✱ ❛♥❞ t❤✉s t❤❡② ❝❛♥ ❜❡ ✉s❡❞ ❛s t❤❡② ❛r❡✳
❋✐❣✉r❡ ✻ ❣✐✈❡s tr❛♥s❢♦r♠❛t✐♦♥s t♦ ❍❡♣t❛❣♦♥✴❇❩❘ ❢♦r s❡✈❡r❛❧ t❡r♠s✳ ❚❤❡ ❁❞❡✲
✈✐❝❡❴♦✉t♣✉ts❃ ❧✐st ✐s ❣❡♥❡r❛t❡❞ ♦✈❡r ❛❧❧ t❤❡ ❞❡✈✐❝❡s ❛♥❞ t❤❡✐r ❝♦rr❡s♣♦♥❞✐♥❣ ♦✉t✲
♣✉ts✳ ❙✐♠✐❧❛r❧②✱ ✇❡ ❝❛♥ ❣❡♥❡r❛t❡ ❁❞❡✈✐❝❡❴✐♥♣✉ts❃✳ ❚❤❡ ❁✜♥❛❧❴❡✈❡♥t❴♥❛♠❡s❃
❧✐st ✐s ❜✉✐❧❞ s✐♠✐❧❛r❧② t♦ ❁❡✈❡♥t❴♥❛♠❡s❃✱ ❜✉t ❛❞❞✐♥❣ t❤❡ ✏final_✑ ♣r❡✜①✱ t♦ ❞✐❢✲
❢❡r❡♥t✐❛t❡ ✐♥♣✉ts ❛♥❞ ♦✉t♣✉ts ♦❢ t❤❡ rule_engine ♥♦❞❡✳ ❖t❤❡r ❧✐sts ❛r❡ ❝r❡❛t❡❞
s✐♠✐❧❛r❧②✱ ❁r❡q✉❡st❴❞❡✈✐❝❡s❴✐♥♣✉ts❃ ❛♥❞ ❁t❡♠♣❴❡✈❡♥t❴♥❛♠❡s❃✱ ❜✉t ❛❞❞✐♥❣
“req_✑ ♦r “temp_✑ ♣r❡✜①❡s r❡s♣❡❝t✐✈❡❧② t♦ t❤❡ ♥❛♠❡s ✐♥ t❤❡✐r ❝♦✉♥t❡r♣❛rt ❧✐sts✳
❚❤❡ ❁r✉❧❡s❴❛❝t✐✈❛t✐♦♥❃ ❞❡✜♥❡s t❤❡ ❇♦♦❧❡❛♥ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛❝t✐✈❛t✐♦♥ ♦❢
❛ r✉❧❡ ✐❢ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❡✈❡♥t ❛♥❞ ✐ts ❝♦♥❞✐t✐♦♥ ❛r❡ tr✉❡ ❛t t❤❡ s❛♠❡ t✐♠❡✳
❚❤❡♥✱ ❁s✐❣♥❛❧s❴❛❝t✐✈❛t✐♦♥❃ ❛❧❧♦✇s ❛❝t✐✈❛t✐♥❣ ❡✈❡r② ❞❡✈✐❝❡ ✐♥♣✉t ✐❢ ✐t ❤❛s ❜❡❡♥
❁❞❡✈✐❝❡s❴♦✉t♣✉ts❃ = { name(n)_ name(o) | (n, I, O) ∈ D, o ∈ O }
❁❡✈❡♥t❴♥❛♠❡s❃ = { name(e) | e ∈ E }
❁❡✈❡♥t❴❞❡t❡❝t✐♦♥❃ = { name(e) = EventExpr(e) | e ∈ E }
❁r✉❧❡❴♥❛♠❡s❃ = { name(n) | (n, e, c, A) ∈ R }
❁r✉❧❡s❴❛❝t✐✈❛t✐♦♥❃ = { name(n) = final_ name(e) & c | (n, e, c, A) ∈ R }
❁s✐❣♥❛❧s❴❛❝t✐✈❛t✐♦♥❃ = { name(a) =
∨
(n,e,c,A)∈R|a∈A name(n) | ∃(n, I, O) ∈ D, a ∈ I }
❋✐❣✳ ✻✳ ❚r❛♥s❢♦r♠❛t✐♦♥s ❢♦r ✈❛r✐♦✉s s❡ts
❁❞❡✈✐❝❡❴♣♦❧✐❝②❴❝♦♥tr❛❝ts❃ = true
❁❞❡✈✐❝❡❴♣♦❧✐❝②❴❝♦♥tr♦❧❧❛❜❧❡s❃ = ∅
❁❞❡✈✐❝❡❴♣♦❧✐❝②❃ =
{
final_name(n)_name(o) = req_name(n)_name(o)
& not
∨
o′∈O,o≺o′
final_name(n)_name(o
′
) | (n, I, O) ∈ D, o ∈ O
}
❋✐❣✳ ✼✳ ❚r❛♥s❢♦r♠❛t✐♦♥ ❢♦r ❞❡✈✐❝❡s ✭❞✐s❝❛r❞✐♥❣ ♣♦❧✐❝②✮
❁❞❡✈✐❝❡❴♣♦❧✐❝②❴❝♦♥tr❛❝ts❃ =
∧
(n,I,O)∈D,o1,o2∈O,o1 6=o2
not ( final_name(n)_name(o1) & final_name(n)_name(o2) )
❁❞❡✈✐❝❡❴♣♦❧✐❝②❴❝♦♥tr♦❧❧❛❜❧❡s❃ = { name(n)❴ name(o)_c | (n, I, O) ∈ D, o ∈ O }
❁❞❡✈✐❝❡❴♣♦❧✐❝②❃ = {final_m= delay(req_m,m_c) |(n, I, O) ∈ D, o ∈ O,m = name(n)_ name(o)}
❋✐❣✳ ✽✳ ❚r❛♥s❢♦r♠❛t✐♦♥ ❢♦r ❞❡✈✐❝❡s ✭❞❡❧❛②✐♥❣ ♣♦❧✐❝②✮
r❡q✉❡st❡❞ ❜② ❛♥② ♦❢ t❤❡ r✉❧❡s✳ ●✐✈❡♥ t❤❛t ♠✉❧t✐♣❧❡ r✉❧❡s ❝♦✉❧❞ ❛❝t✐✈❛t❡ t❤❡ s❛♠❡
s✐❣♥❛❧✱ ❛ ❞✐s❥✉♥❝t✐♦♥ ✐s ✉s❡❞ t♦ ❢✉s❡ t❤❡♠✳
❚r❛♥s❢♦r♠❛t✐♦♥ ❢♦r ❞❡✈✐❝❡s ❞✐✛❡rs ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ s♣❡❝✐✜❡❞ ❡①❡❝✉t✐♦♥ ♣♦❧✐❝②
t♦ ❛♣♣❧② ♦♥ s✐❣♥❛❧s s❡♥t t♦ t❤❡ ❞❡✈✐❝❡✳ ❆❝t✐♦♥s ❢r♦♠ r✉❧❡s ❝♦rr❡s♣♦♥❞ t♦ ❞❡✈✐❝❡s
✐♥♣✉ts✳ ❚❤❡ t✇♦ s♣❡❝✐✜❡❞ str❛t❡❣✐❡s ❛r❡ ❞✐s❝❛r❞✐♥❣ ♦r ❞❡❧❛②✐♥❣ ❝♦♥tr❛❞✐❝t♦r②
s✐❣♥❛❧s s❡♥t t♦ ❛ ❞❡✈✐❝❡✳ ❊q✉❛t✐♦♥s ❛r❡ ✉s❡❞ ✐♥ t❤❡ ✜rst ❝❛s❡✱ s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✼✱
t♦ ❞✐s❝❛r❞ ❝♦♥tr❛❞✐❝t♦r② s✐❣♥❛❧s✿ t❤❡ t♦t❛❧ ♦r❞❡r ≺ ✐s ✉s❡❞ t♦ ❣✐✈❡ ♣r✐♦r✐t✐❡s✳ ❖♥❝❡
❛ s✐❣♥❛❧ ✇✐t❤ ❤✐❣❤❡r ♣r✐♦r✐t② ❤❛s ❛❧r❡❛❞② ❜❡❡♥ ❛❝t✐✈❛t❡❞✱ t❤❡ r❡st ❛r❡ ❞✐s❝❛r❞❡❞✳
❚❤❡ ❁❞❡✈✐❝❡❴♣♦❧✐❝②❃ ❡q✉❛t✐♦♥s ❛r❡ ❝♦♠♣♦s❡❞ ❢♦r ❡✈❡r② ❞❡✈✐❝❡ ✐♥ t❤❡ s②st❡♠✳ ■♥
t❤❡ s❡❝♦♥❞ ❝❛s❡✱ s❤♦✇♥ ✐♥ ❋✐❣✉r❡s ✽✱ ❛ ❝♦♥tr❛❝t ✐s ✉s❡❞ t♦ ❞❡❧❛② s✐❣♥❛❧s✳ ❖♥❧②
♦♥❡ ♦❢ t❤❡♠ ✐s s❡♥t t♦ t❤❡ ❞❡✈✐❝❡✳ ❚❤❡ delay ❛✉t♦♠❛t♦♥ ❢r♦♠ ❋✐❣✉r❡ ✶ ✇✐❧❧ st♦r❡
t❤❡ ✐♥♣✉t s✐❣♥❛❧ ✉♥t✐❧ ✐t ❝❛♥ ❜❡ r❡❧❡❛s❡❞ ❛♥❞ s❡♥t t♦ t❤❡ ❞❡✈✐❝❡✳ ❚❤❡ ❣❡♥❡r❛t❡❞
❝♦♥tr♦❧❧❡r ✇✐❧❧ ❜❡ ✐♥ ❝❤❛r❣❡ ♦❢ s❡❧❡❝t✐♥❣ t❤❡ r✐❣❤t ✈❛❧✉❡s ❢♦r t❤❡ ❝♦♥tr♦❧❧❡❞ ✈❛r✐❛❜❧❡s
t♦ s❡♥❞ ♦♥❧② ♦♥❡ s✐❣♥❛❧ ❛t ❛ t✐♠❡ ❛♥❞ ❞❡❧❛② t❤❡ ♦t❤❡rs✳
node rule_engine(❁❡✈❡♥t❴♥❛♠❡s❃) returns (❁✜♥❛❧❴❡✈❡♥t❴♥❛♠❡s❃)
contract enforce
∧
e1,e2∈E,e1 6=e2
not (final_name(e1) & final_name(e2))
with { name(e)_c | e ∈ E }
let { final_name(e) = delay(name(e), name(e)_c) | e ∈ E }
tel
❋✐❣✳ ✾✳ ❉❡❧❛②❡❞ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧
node rule_engine(❁❡✈❡♥t❴♥❛♠❡s❃) returns (❁✜♥❛❧❴❡✈❡♥t❴♥❛♠❡s❃)
let { final_name(e) = name(e) | e ∈ E }
tel
❋✐❣✳ ✶✵✳ P❛r❛❧❧❡❧ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧
✹✳✷ ❊①❡❝✉t✐♦♥ ♠♦❞❡❧s
❆s s❛✐❞ ❜❡❢♦r❡✱ t❤❡ tr❛♥s❢♦r♠❛t✐♦♥ ✐s ❞❡s✐❣♥❡❞ t♦ s✉♣♣♦rt ❞✐✛❡r❡♥t ❡①❡❝✉t✐♦♥
♣♦❧✐❝✐❡s ✐♥ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠s✳ ❲❡ ❝✉rr❡♥t❧② s✉♣♣♦rt tr❛♥s❢♦r♠❛t✐♦♥s ❢♦r
♣❛r❛❧❧❡❧ ❛♥❞ ❞❡❧❛②❡❞ ❡①❡❝✉t✐♦♥✳ ❚❤❡ ❝♦❞❡ ❣❡♥❡r❛t✐♦♥ ❢♦r t❤❡ rule_engine ♥♦❞❡
✇✐❧❧ ❞✐✛❡r ❢♦r ❡✈❡r② ❝❛s❡✳ ❋♦r t❤❡ ❞❡❧❛②✐♥❣ ♦❢ ❡✈❡♥ts✱ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✾✱ t❤❡
delay ❛✉t♦♠❛t♦♥ ✐s ✉s❡❞ ❛s ❢♦r t❤❡ ❞❡✈✐❝❡ ♥♦❞❡ ❝♦❞❡ ❣❡♥❡r❛t✐♦♥✳ ❖♥❧② ♦♥❡ ❡✈❡♥t
✇✐❧❧ ❜❡ s❡♥t t♦ t❤❡ rules ♥♦❞❡ ❢♦r ❡✈❡r② ❡①❡❝✉t✐♦♥ ♦❢ t❤❡ ❝♦♥tr♦❧❧❡r✳ ❋♦r t❤❡
♣❛r❛❧❧❡❧ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧✱ ❛s s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✶✵✱ ❛❧❧ t❤❡ ❡✈❡♥ts ❛r❡ ❛❧❧♦✇❡❞ t♦
❜❡ ❛❝t✐✈❛t❡❞ ✐♥ t❤❡ s❛♠❡ ❡①❡❝✉t✐♦♥ st❡♣ ✇✐t❤♦✉t r❡str✐❝t✐♦♥s✳ ❖t❤❡r ❡①❡❝✉t✐♦♥
♣♦❧✐❝✐❡s ❝❛♥ ❜❡ ❛❞❞❡❞ ✐♥ t❤✐s ♥♦❞❡ t♦ s✐♠✉❧❛t❡ ❛♥② ❊❈❆ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧✳
✺ ❊❈❆ r✉❧❡ s❡t ✈❡r✐✜❝❛t✐♦♥ ❛♥❞ ❝♦♥tr♦❧
❚❤❡ ♣r❡✈✐♦✉s tr❛♥s❢♦r♠❛t✐♦♥ ♠❛❦❡s ✐t ♣♦ss✐❜❧❡ t♦ ❤❛♥❞❧❡ t❤❡ ♣r♦❜❧❡♠s ❞❡s❝r✐❜❡❞
✐♥ ❙❡❝t✐♦♥ ✶ ❛♥❞ t♦ ✈❛❧✐❞❛t❡✱ ✈❡r✐❢② ♦r ❝♦♥tr♦❧ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ t❤❡ ❊❈❆ r✉❧❡
s❡t✳ ❉✐✛❡r❡♥t ❦✐♥❞s ♦❢ ✈❡r✐✜❝❛t✐♦♥s ❝❛♥ ❜❡ ♣❡r❢♦r♠❡❞ ♦♥ t❤❡ ❊❈❆ r✉❧❡ ❜❛s❡❞
s②st❡♠✱ ❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❛✈❛✐❧❛❜❧❡ ✐♥❢♦r♠❛t✐♦♥✱ ❛s ❞❡s❝r✐❜❡❞ ✐♥ ❬✶✽❪✳ ❱❡r✐✜❝❛t✐♦♥s
❝❛♥ ❜❡ st❛t✐❝ ✭♣❡r❢♦r♠❡❞ ❛t ❝♦♠♣✐❧❛t✐♦♥ t✐♠❡✮ ♦r ❞②♥❛♠✐❝ ✭♣❡r❢♦r♠❡❞ ❛t r✉♥✲
t✐♠❡✮✳ ❚❤❡② ❝❛♥ ❛❧s♦ ❜❡ ❝❧❛ss✐✜❡❞ ❛s ❣❡♥❡r✐❝ ❊❈❆ r✉❧❡ ✈❡r✐✜❝❛t✐♦♥s ♦r ❞♦♠❛✐♥
s♣❡❝✐✜❝ ✐ss✉❡s t❤❛t ❝❛♥ ✈❡r✐✜❡❞✳ ❉✐❛❣♥♦s✐s ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t t❤❡ ❞❡t❡❝t✐♦♥ ♦❢
st❛t✐❝ ❡rr♦rs ❝❛♥ ❜❡ ❡①tr❛❝t❡❞ ✐♥ t❤❡ ❢♦r♠ ♦❢ r✉❧❡ ✐❞❡♥t✐✜❡rs ♦r ❧✐♥❡ ♣♦s✐t✐♦♥✱ ❛s
✇❡❧❧ ❛s ✐❞❡♥t✐✜❡rs ♦❢ ✐♥✈♦❧✈❡❞ s✐❣♥❛❧s✱ ❜② ✐♥str✉♠❡♥t✐♥❣ t❤❡ ❣❡♥❡r❛t❡❞ ❝♦❞❡✳
✺✳✶ ❱❡r✐✜❝❛t✐♦♥s ❛t ❝♦♠♣✐❧❛t✐♦♥ t✐♠❡
❚❤❡ ✜rst ✈❡r✐✜❝❛t✐♦♥ t♦ ❜❡ ♣❡r❢♦r♠❡❞ ✐s t❤❡ ❞❡t❡❝t✐♦♥ ♦❢ s②♥t❛① ❡rr♦rs✳ ❚❤❡ ✉s❡
♦❢ ✉♥❞❡❝❧❛r❡❞ ❡✈❡♥ts ♦r ✉♥❛✈❛✐❧❛❜❧❡ ❞❡✈✐❝❡ ❛❝t✐♦♥s ❛r❡ ❡①❛♠♣❧❡s ♦❢ s✉❝❤ ❡rr♦rs
✐♥ t❤❡ ❞❡❝❧❛r❛t✐♦♥ ♦❢ r✉❧❡s✳ ❙②♥t❛① ❡rr♦rs ❛r❡ ❡❛s✐❧② ❞❡t❡❝t❡❞ ❜② ❛♥② ❝♦♠♣✐❧❡r ♦r
✐♥t❡r♣r❡t❡r ✇❤❡♥ r❡❝♦❣♥✐③✐♥❣ t❤❡ ❊❈❆ r✉❧❡s s♦✉r❝❡ ❝♦❞❡✳
❘❡❞✉♥❞❛♥❝② ♦❢ r✉❧❡s ✐s ❞❡t❡❝t❡❞ ✇❤❡♥ t❤❡ ❝♦♥❞✐t✐♦♥ ❛♥❞ ❛❝t✐♦♥s ♦❢ ♦♥❡ r✉❧❡
r❡♣r❡s❡♥t ❛ s✉❜s❡t ♦❢ ❝♦♥❞✐t✐♦♥s ❛♥❞ ❛❝t✐♦♥s ♦❢ t❤❡ ♦t❤❡r r✉❧❡✳ ❚❤✐s ♠❡❛♥s t❤❛t
❤❛✈✐♥❣ t✇♦ r✉❧❡s r1 = (n1, e1, c1, A1) ❛♥❞ r2 = (n2, e2, c2, A2) ✇❤❡r❡ e1 = e2✱
c1 ⇒ c2 ❛♥❞ A1 ⊆ A2✳
❘❡❞✉♥❞❛♥t r✉❧❡s ❛r❡ ♥♦t ❞✐r❡❝t❧② ❞❡t❡❝t❡❞ ❜② ❍❡♣t❛❣♦♥✴❇❩❘✳ ❉✉♣❧✐❝❛t❡❞
r✉❧❡s ✇✐❧❧ ❜❡ ❝♦♠♣✐❧❡❞ ❛♥❞ ❡①❡❝✉t❡❞ ❛t r✉♥✲t✐♠❡ ✇✐t❤♦✉t ♣r♦❜❧❡♠s✳ ❘✉❧❡ ❛❝✲
t✐♦♥s ✇✐❧❧ ❜❡ ❛❝t✐✈❛t❡❞ ✉s✐♥❣ t❤❡ or ♦♣❡r❛t♦r✱ s♦ t❤❡ r❡s✉❧ts ✇✐❧❧ ♥♦t r❡s✉❧t ✐♥
r❡❞✉♥❞❛♥❝②✳ ❍❡r❡ ✐s ❛ s✐♠♣❧❡ ❡①❛♠♣❧❡ ♦❢ r❡❞✉♥❞❛♥❝②✿
ON presence IF true DO Tv_on
ON presence IF true DO Tv_on
❚❤✐s ❡①❛♠♣❧❡ ❣❡♥❡r❛t❡s t❤❡ ❢♦❧❧♦✇✐♥❣ ❍❡♣t❛❣♦♥✴❇❩❘ ❝♦❞❡✿
rule6 = (presence) & (true);
rule7 = (presence) & (true);
req_tv_on = rule6 or rule7;
❚❤❡ ❙✐❣❛❧✐ t♦♦❧ ✐s ✉s❡❞ t♦ s♦❧✈❡ t❤✐s ♣r♦❜❧❡♠✳ ❚❤❡ r❡❞✉♥❞❛♥❝② ❝❛♥ ❜❡ ❜❡tt❡r
❝❤❡❝❦❡❞ ✉s✐♥❣ t❤✐s t♦♦❧✳ ❚❤❡ ❝❛♣❛❜✐❧✐t② ♦❢ ✇♦r❦✐♥❣ ✇✐t❤ ❡q✉❛t✐♦♥s ❬✶✷❪ ✐♥ ❙✐❣❛❧✐
✐s ✉s❡❞ t♦ ❞❡t❡❝t t❤❡ s✐t✉❛t✐♦♥ ✇❤❡r❡ t❤❡ ❝♦♥❞✐t✐♦♥ ♦❢ ♦♥❡ r✉❧❡ ✐s ✐♥❝❧✉❞❡❞ ✐♥ t❤❡
❝♦♥❞✐t✐♦♥ ♦❢ ❛♥♦t❤❡r r✉❧❡✱ t❤✉s ♠❛❦✐♥❣ t❤❡♠ r❡❞✉♥❞❛♥t✳ ❋♦r ❙✐❣❛❧✐ t❤✐s ♠❡❛♥s
t❤❛t t❤❡ s♦❧✉t✐♦♥s ❢♦r t❤❡ ❡q✉❛t✐♦♥ c1 = tr✉❡ ✐s ❛ s✉❜s❡t ♦❢ t❤❡ s♦❧✉t✐♦♥s ♦❢
c2 = tr✉❡✳ ❙✐❣❛❧✐ ❝♦❞❡ ♣❡r❢♦r♠✐♥❣ t❤✐s ❝❤❡❝❦ ✐s ❣❡♥❡r❛t❡❞ ❢♦r ❡✈❡r② ❝♦✉♣❧❡ ♦❢
r✉❧❡s t❤❛t ❢✉❧✜❧❧s t❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦♥❞✐t✐♦♥s✿
✕ ❘✉❧❡s ❛r❡ ❛❝t✐✈❛t❡❞ ❜② t❤❡ s❛♠❡ ❡✈❡♥t
✕ ❚❤❡ s❡t ♦❢ ❛❝t✐♦♥s ♦❢ ♦♥❡ r✉❧❡ ✐s ❛ s✉❜s❡t ♦❢ ❛❝t✐♦♥s ♦❢ t❤❡ ♦t❤❡r ♦♥❡✳
✕ ❚❤❡ s❡t ♦❢ ✈❛r✐❛❜❧❡s ✉s❡❞ ✐♥ t❤❡ ❝♦♥❞✐t✐♦♥s ♦❢ ❜♦t❤ r✉❧❡s ❛r❡ ♥♦t ❞✐s❥♦✐♥t✳
❚❤✐s ✜❧t❡r✐♥❣ ❛❧s♦ ❤❡❧♣s r❡❞✉❝✐♥❣ t❤❡ q✉❛♥t✐t② ♦❢ ♦♣❡r❛t✐♦♥s ✐♥ ❙✐❣❛❧✐✳
■♥❝♦♥s✐st❡♥❝② ✐s ❛❧s♦ ❞❡t❡❝t❡❞ ❛t ❝♦♠♣✐❧❛t✐♦♥ t✐♠❡✳ ■t ❝❛♥ ❜❡ ❞❡✜♥❡❞ ❛s
t❤❡ r❡s✉❧t ♦❢ ❝♦♥tr❛❞✐❝t♦r② ❛❝t✐♦♥s✱ ♣r♦✈✐❞❡❞ ❛s r❡s✉❧t ♦❢ ❛❝t✐✈❛t✐♦♥ ♦❢ ❞✐✛❡r✲
❡♥t r✉❧❡s✳ ■t ❝❛♥ ❜❡ ❢♦r♠❛❧✐③❡❞ ❛s ❤❛✈✐♥❣ t✇♦ r✉❧❡s r1 = (n1, e1, c1, A1) ❛♥❞
r2 = (n2, e2, c2, A2) ✇❤❡r❡ e1 = e2 ❛♥❞ c1 = c2✱ ❜✉t A1 ❛♥❞ A2 ❛r❡ ❝♦♥tr❛❞✐❝t♦r②✳
❆s ♣r❡✈✐♦✉s❧② ❞❡✜♥❡❞ ✐♥ ❙❡❝t✐♦♥ ✶✱ ✇❡ ❝♦♥s✐❞❡r ❛s ❝♦♥tr❛❞✐❝t♦r② ❛❝t✐♦♥s s❡♥❞✐♥❣
♠♦r❡ t❤❛♥ ♦♥❡ s✐❣♥❛❧ t♦ t❤❡ s❛♠❡ ❞❡✈✐❝❡ ❛t t❤❡ s❛♠❡ st❡♣ ♦❢ t❤❡ r✉❧❡ s②st❡♠✳
❉✉❡ t♦ ❤❛✈✐♥❣ t❤❡ s❛♠❡ ❡✈❡♥t ❛♥❞ ❝♦♥❞✐t✐♦♥ t♦ ❜❡ ❛❝t✐✈❛t❡❞✱ t❤❡② ✇✐❧❧ ❛❧✇❛②s
❜❡ ❛❝t✐✈❛t❡❞ t♦❣❡t❤❡r✱ ❣❡♥❡r❛t✐♥❣ ❝♦♥tr❛❞✐❝t♦r② ❛❝t✐♦♥s✱ ❡✈❡♥ ✐❢ ♥♦t ❡①❡❝✉t❡❞
s✐♠✉❧t❛♥❡♦✉s❧②✳ ❚❤✐s ✈❡r✐✜❝❛t✐♦♥ ✐s ♣❡r❢♦r♠❡❞ ❜② ❝♦♠♣✐❧✐♥❣ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣
❍❡♣t❛❣♦♥✴❇❩❘ ❝♦♥tr❛❝ts ♦♥ t❤❡ ❞❡✈✐❝❡ ♥♦❞❡✱ ❜✉t ♥♦t ❞✐s❝❛r❞✐♥❣ ♦r ❞❡❧❛②✐♥❣ s✐❣✲
♥❛❧s✳ ❚❤❡ ❙✐❣❛❧✐ t♦♦❧ ✇✐❧❧ ❞❡t❡❝t ✐♥❝♦♥s✐st❡♥❝✐❡s ❢❛✐❧✐♥❣ t♦ ❣❡♥❡r❛t❡ t❤❡ ❝♦♥tr♦❧❧❡r✱
✐♥❞✐❝❛t✐♥❣ t❤❛t t❤❡ ♣r♦❣r❛♠ ✐t ♥♦t ❡①❡❝✉t❛❜❧❡ r❡❣❛r❞✐♥❣ t❤❡ ❝♦♥tr❛❝ts✳
❈✐r❝✉❧❛r✐t② ❣❡♥❡r❛t❡❞ ❜② ✐♥t❡r♥❛❧ ❡✈❡♥ts ❝❛♥ ❜❡ ❞❡t❡❝t❡❞ ❜② ❍❡♣t❛❣♦♥✴❇❩❘✱
❢♦r t❤❡ ❝❛s❡ ♦❢ t❤❡ ♣❛r❛❧❧❡❧ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧✱ ❛s ❛ ❝❛✉s❛❧✐t② ❡rr♦r ❛t ❝♦♠♣✐❧❛t✐♦♥
t✐♠❡✳ ❚❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦❞❡ ❣❡♥❡r❛t❡s ❛ ❝✐r❝✉❧❛r✐t② ♣r♦❜❧❡♠✿
ON internal1 IF true DO internal2
ON internal2 IF true DO internal3
ON internal3 IF true DO internal1
❆ ❞❡♣❡♥❞❡♥❝② ❝②❝❧❡ ♦❝❝✉rs ✐♥ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ r✉❧❡s ✐♥ ❛ ✇❛② t❤❛t t❤❡s❡ r✉❧❡s
❛r❡ ❛❧✇❛②s ❛❝t✐✈❛t✐♥❣ t❤❡♠s❡❧✈❡s✳ ❚❤❡ ❝✐r❝✉❧❛r✐t② ✐s ❞❡t❡❝t❡❞ ✐♥❞❡♣❡♥❞❡♥t❧② ♦❢
t❤❡ ♥✉♠❜❡r ♦❢ ✐♥✈♦❧✈❡❞ ❡✈❡♥ts✳ ❚❤❡ ❣❡♥❡r❛t❡❞ ❝♦❞❡ ✐s ❛s ❢♦❧❧♦✇s✿
rule0 = (internal3) & (true);
rule1 = (internal2) & (true);
rule2 = (internal1) & (true);
internal2 = rule2;
internal1 = rule0;
internal3 = rule1;
❚❤❡ ❞❡♣❡♥❞❡♥❝② ❝②❝❧❡ ✇✐❧❧ ❜❡ ❞❡t❡❝t❡❞ ❜② ❍❡♣t❛❣♦♥✴❇❩❘ ❛s ❛ ❝❛✉s❛❧✐t②
❡rr♦r✳ ❉❡t❡❝t✐♦♥ ✐s ❝♦♥s❡r✈❛t✐✈❡✱ s♦ ❡✈❡♥ ✐❢ ❝♦♥❞✐t✐♦♥s ✐♥ r✉❧❡s ♠❛② ❛✈♦✐❞ t❤✐s
❞❡♣❡♥❞❡♥❝② ❢♦r s♦♠❡ ✈❛❧✉❡s✱ ✐t ✐s ❞❡t❡❝t❡❞ ❛s ❛ ♣♦ss✐❜❧❡ ✈✐♦❧❛t✐♦♥✳
✺✳✷ ❈♦♥tr♦❧ ❛t r✉♥✲t✐♠❡
■t ❝❛♥ ♥♦t ❜❡ ❢♦r❡s❡❡♥ ❛t ❝♦♠♣✐❧❛t✐♦♥ t✐♠❡ ✐❢ t✇♦ ❞✐✛❡r❡♥t r✉❧❡s ✇✐t❤ ❞✐✛❡r❡♥t
❡✈❡♥ts ❛♥❞ ❝♦♥tr❛❞✐❝t♦r② ❛❝t✐♦♥s ✇✐❧❧ ❜❡ ❛❝t✐✈❛t❡❞ ❛t t❤❡ s❛♠❡ t✐♠❡ ✐♥st❛♥t ❛t
r✉♥✲t✐♠❡✳ ❈♦♦r❞✐♥❛t✐♦♥ ♦r ❝♦♥tr♦❧ t❡❝❤♥✐q✉❡s ❤❛✈❡ t♦ ❛♣♣❧✐❡❞ ✐♥ t❤❛t ❝❛s❡✳ ❍❡♣✲
t❛❣♦♥✴❇❩❘ ✐s ❞❡s✐❣♥❡❞ t♦ ♣r♦✈✐❞❡ t❤✐s ❦✐♥❞ ♦❢ r✉♥✲t✐♠❡ ❝♦♥tr♦❧✳
■♥❝♦♥s✐st❡♥❝② ❛t r✉♥✲t✐♠❡ ✐s ❝♦♥tr♦❧❧❡❞ ✇✐t❤ t❤❡ ❛❧r❡❛❞② ❞❡s❝r✐❜❡❞ ❝♦❞❡
❣❡♥❡r❛t❡❞ ❢♦r t❤❡ ❞❡✈✐❝❡s✳ ❈♦♥tr❛❞✐❝t♦r② s✐❣♥❛❧s ❝❛♥ ❜❡ ❞✐s❝❛r❞❡❞ ♦r ❞❡❧❛②❡❞
❞❡♣❡♥❞✐♥❣ ♦♥ t❤❡ ❝❤♦s❡♥ ♣♦❧✐❝②✳ ❚❤✐s ♣r♦✈✐❞❡s ♠♦r❡ ❝♦♥tr♦❧ ♦♥ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢
r✉❧❡s t❤❛♥ ❛✈♦✐❞✐♥❣ t❤❡ r✉❧❡s✳ ■♥ ❝❛s❡ t❤❛t ♦♥❡ r✉❧❡ ❤❛s ♠♦r❡ t❤❛♥ ♦♥❡ ❛❝t✐♦♥✱
♦♥❧② t❤❡ ✐♥❝♦♥s✐st❡♥t ❛❝t✐♦♥s ✇✐❧❧ ❜❡ ❞✐s❝❛r❞❡❞ ♦r ❞❡❧❛②❡❞✱ ❛❧❧♦✇✐♥❣ t❤❡ r❡st ♦❢
❛❝t✐♦♥s t♦ ❜❡ ♣❡r❢♦r♠❡❞✳ ■♥ t❤✐s ❝❛s❡✱ ✐♥❝♦♥s✐st❡♥❝② ✐s ♥♦t ♦♥❧② ❞❡t❡❝t❡❞✱ ❛s ✐♥ t❤❡
❝♦♠♣✐❧❛t✐♦♥ t✐♠❡✱ ❜✉t s♦❧✈❡❞ ✉s✐♥❣ t❤❡ ♦r❞❡r ♣r✐♦r✐t② t♦ ❞✐s❝❛r❞ ♦r ❞❡❧❛② s✐❣♥❛❧s✳
❈✐r❝✉❧❛r✐t② ✐s ❞❡t❡❝t❡❞ ✉s✐♥❣ ❛✉t♦♠❛t❛ ❛♥❞ ♠♦❞❡❧ ❝❤❡❝❦✐♥❣ ❝❛♣❛❜✐❧✐t✐❡s ♦❢
❍❡♣t❛❣♦♥✴❇❩❘✱ ❢♦r t✇♦ ❞✐✛❡r❡♥t ❝✐r❝✉❧❛r ❜❡❤❛✈✐♦rs✳ ❆✉t♦♠❛t❛ ❛r❡ ✉s❡❞ t♦ r❡♣✲
r❡s❡♥t t❤❡ ❜❡❤❛✈✐♦r ♦❢ ❞❡✈✐❝❡s✳ ❚❤❡ ❛❝t✉❛❧ st❛t❡ ♦❢ t❤❡ ❞❡✈✐❝❡ ❛♥❞ ♣♦ss✐❜❧❡ tr❛♥✲
s✐t✐♦♥s ❛r❡ r❡♣r❡s❡♥t❡❞✳ ❆✉t♦♠❛t❛ ❛r❡ ❞❡s✐❣♥❡❞ t♦ s❡♥❞ t❤❡ r❡q✉✐r❡❞ s✐❣♥❛❧s t♦ ❛
❞❡✈✐❝❡ ♦♥❧② ✐❢ ✐t r❡♣r❡s❡♥ts ❛ ❝❤❛♥❣❡ ♦❢ st❛t❡ ✐♥ t❤❡ s✐❣♥❛❧✳ ■♥ t❤✐s ❝❛s❡ t❤❡ ❛❝t✐♦♥
♦❢ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ r✉❧❡ ✐s ❛✈♦✐❞❡❞✱ ✐♥t❡rr✉♣t✐♥❣ ❛♥ ❡♥❞❧❡ss ❝❤❛✐♥❡❞ ❡①❡❝✉t✐♦♥
♦❢ r✉❧❡s✳ ❋✐❣✉r❡ ✶✶✭❛✮ r❡♣r❡s❡♥ts ❛♥ ❛✉t♦♠❛t♦♥ ❢♦r ❛ ❞❡✈✐❝❡s ✇✐t❤ t✇♦ st❛t❡s✳
❚❤❡ ❛✉t♦♠❛t♦♥ r❡❝❡✐✈❡s r❡q✉❡sts t♦ ❝❤❛♥❣❡ t❤❡ st❛t❡✳ ❚❤❡ ♦✉t♣✉ts ❛r❡ t❤❡ ❛❝✲
t✉❛❧ st❛t❡ ♦❢ t❤❡ ❞❡✈✐❝❡ ✭st_On ♦r st_Off ❜❡❝♦♠❡ tr✉❡ ♦r ❢❛❧s❡ r❡s♣❡❝t✐✈❡❧②✮✱ ❛♥❞
t❤❡ s✐❣♥❛❧ t♦ ❝❤❛♥❣❡ t❤❡ st❛t❡ ♦❢ t❤❡ ❞❡✈✐❝❡ ✭On ♦r Off✮✳ ❚❤❡s❡ s✐❣♥❛❧s ❛r❡ ♦♥❧②
❡♠✐tt❡❞ ✐❢ t❤❡ ❞❡✈✐❝❡s ✐s ♥♦t ❛❧r❡❛❞② ✐♥ t❤✐s st❛t❡✳
❚❤❡ ♦t❤❡r ♣♦ss✐❜✐❧✐t② ✐s t❤❛t r✉❧❡s ❝♦♥t✐♥✉♦✉s❧② ♠♦❞✐❢② t❤❡ st❛t❡ ♦❢ ❛ ❞❡✈✐❝❡✳
❚❤✐s r❡♣r❡s❡♥ts ❛♥ ♦s❝✐❧❧❛t✐♦♥ ✐♥ t❤❡ st❛t❡ ♦❢ t❤❡ ❞❡✈✐❝❡✳ ❆♥ ♦❜s❡r✈❡r ❛✉t♦♠❛t♦♥
✐s ✉s❡❞ t♦ ❞❡t❡❝t ✉♥❞❡s✐r❡❞ ♦s❝✐❧❧❛t✐♦♥s✳ ❖s❝✐❧❧❛t✐♦♥s ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ ✉♥❞❡✲
s✐r❡❞ ✐❢ t❤❡② ❤❛✈❡ ♥♦t ❜❡❡♥ ❣❡♥❡r❛t❡❞ ❜② ❡①t❡r♥❛❧ ❡✈❡♥ts✱ t❤✐s ♠❡❛♥s ♥♦t ❞✐r❡❝t❧②
❣❡♥❡r❛t❡❞ ❜② t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ r✉❧❡s✳ ❋♦r ✐♥st❛♥❝❡✱ ✉s❡r ❛❝t✐♦♥s ❛r❡ ❝♦♥s✐❞❡r❡❞
❡①t❡r♥❛❧ ❡✈❡♥ts✱ ✇❤✐❧❡ ❛ ❧✐❣❤t t✉r♥❡❞ ♦♥ ❜② ❛ r✉❧❡ ✐s ♥♦t ❛♥ ❡①t❡r♥❛❧ ❡✈❡♥t✳ ■♥
✭❛✮ Off On
Req_On
Req_Off
Req_On
Req_Off
On
Off
st_On
st_Off
✭❜✮
Ok
tick
On & not tick
Off & not tick
On & not tick
Off & not tick
Off
On
Error
tick
tick
❋✐❣✳ ✶✶✳ ✭❛✮ ❚✇♦ st❛t❡s ❞❡✈✐❝❡ ❜❡❤❛✈✐♦r ✭❜✮ ❖❜s❡r✈❡r ❢♦r ♦s❝✐❧❧❛t✐♦♥ ❞❡t❡❝t✐♦♥✳
❋✐❣✉r❡ ✶✶✭❜✮ ❛♥ ❛✉t♦♠❛t♦♥ ✐s r❡♣r❡s❡♥t❡❞✳ ❚❤✐s ✐s ❛♥ ♦❜s❡r✈❡r ❛✉t♦♠❛t♦♥ ❛❜❧❡
t♦ ❞❡t❡❝t ✐❢ t❤❡ st❛t❡ ♦❢ ❛ t✇♦ st❛t❡s ❞❡✈✐❝❡s ✐s ♦s❝✐❧❧❛t✐♥❣✳ ❆ tick s✐❣♥❛❧ ✐s ✉s❡❞
t♦ r❡♣r❡s❡♥t t❤❡ ❛❝t✐✈❛t✐♦♥ ♦❢ ❛♥ ❡①t❡r♥❛❧ ❡✈❡♥t✳ ■♥ ❝❛s❡ t❤❛t t❤❡ ♦s❝✐❧❧❛t✐♦♥ ✐s
♣r♦❞✉❝❡❞ ❜② t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❡①t❡r♥❛❧ ❡✈❡♥ts✱ t❤❡♥ ✐t ✐s ❝♦♥s✐❞❡r❡❞ ❛s ❛ ❞❡s✐r❡❞
♦s❝✐❧❧❛t✐♦♥✳ ■♥ ❝❛s❡ ♦❢ t❤❡ ❛❜s❡♥❝❡ ♦❢ t❤❡ tick s✐❣♥❛❧✱ t❤❡ ♦s❝✐❧❧❛t✐♦♥ ✐s ❝♦♥s✐❞❡r❡❞
❛s ✉♥❞❡s✐r❡❞✳ ❚♦ ❛✈♦✐❞ t❤✐s s✐t✉❛t✐♦♥✱ ❜❡s✐❞❡s t❤❡ ❛✉t♦♠❛t♦♥✱ ❛ ❝♦♥tr❛❝t ✐s ✐♥✲
❝❧✉❞❡❞ ✐♥ t❤❡ ❍❡♣t❛❣♦♥✴❇❩❘ ❝♦❞❡✳ ❚❤✐s ❝♦♥tr❛❝t ✐♥❞✐❝❛t❡s t❤❛t t❤❡ Error st❛t❡
♠✉st ♥♦t ❜❡ r❡❛❝❤❡❞✳ ❚❤❡ ✉s❡ ❉❈❙ ✐♥ ❍❡♣t❛❣♦♥✴❇❩❘ ❝❛♥ ❝♦♥tr♦❧ t❤❡ ❛✈♦✐❞❛♥❝❡
♦❢ t❤✐s ♦s❝✐❧❧❛t✐♦♥ ❛t r✉♥✲t✐♠❡ ✉s✐♥❣ t❤❡ ❞❡❧❛②✐♥❣ ❛✉t♦♠❛t❛✳
node device1(on, off: bool; c:bool) returns (st_on, st_off: bool; power:int)
let
automaton
state Off do st_off = true; st_on = false; power = 0;
until on & c then On
state On do st_on = true; st_off = false; power = CONSUMPTION;
until off & c then Off
end
tel
node devices(req_d1_on, req_d1_off: bool; req_d2_on, req_d2_off: bool)
returns (st1_on, st1_off: bool; ... ; power:int)
contract
enforce (power ≤ LIMIT)
with (dev1_c, dev2_c:bool)
var power1, power2:bool
let
power = power1 + power2;
(st1_on, st1_off, power1) = device1(req_d1_on, req_d1_off, dev1_c);
(st2_on, st2_off, power2) = device1(req_d2_on, req_d2_off, dev2_c);
...
tel
❋✐❣✳ ✶✷✳ ❆♣♣❧✐❝❛t✐♦♥✲s♣❡❝✐✜❝ s❝❡♥❛r✐♦ ❜❡❤❛✈✐♦r ❝♦♥tr♦❧
❆♣♣❧✐❝❛t✐♦♥✲s♣❡❝✐✜❝ ✐ss✉❡s ❝❛♥ ❜❡ ❝♦♥s✐❞❡r❡❞ ❛❞❞✐t✐♦♥❛❧❧② t♦ t❤❡ ❛❜♦✈❡
❣❡♥❡r✐❝ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠ ✐ss✉❡s✱ ❢♦r s♣❡❝✐✜❝ s❝❡♥❛r✐♦s ✇✐t❤ s♣❡❝✐✜❝ r❡q✉✐r❡✲
♠❡♥ts✳ ❚❤❡s❡ r❡q✉✐r❡♠❡♥ts ❝❛♥ ❛❧s♦ ❜❡ ❡①♣r❡ss❡❞ ✐♥ ❍❡♣t❛❣♦♥✴❇❩❘✱ t♦ ♣r♦✈✐❞❡
♠♦r❡ ❝♦♥tr♦❧ ♦♥ t❤❡ ❊❈❆ r✉❧❡ s❡t ❡①❡❝✉t✐♦♥✳ ❚❤❡s❡ r❡q✉✐r❡♠❡♥ts ❛r❡ ❛❧s♦ ❞✐✣✲
❝✉❧t t♦ ❡①♣r❡ss ✐♥ ❊❈❆ r✉❧❡s✱ ❜❡❝❛✉s❡ ♦❢ t❤❡ ❧❛❝❦ ♦❢ ❧❛♥❣✉❛❣❡ s✉♣♣♦rt t♦ ❞❡s❝r✐❜❡
t❤❡♠✱ ❜✉t t❤❡✐r ✈✐♦❧❛t✐♦♥ ✇♦✉❧❞ ❝❛✉s❡ ✐♥❝♦♥s✐st❡♥❝✐❡s ❞✉r✐♥❣ t❤❡ ❡①❡❝✉t✐♦♥✳
❆❞❞✐t✐♦♥❛❧ ✐♥❢♦r♠❛t✐♦♥ ✐s r❡q✉✐r❡❞ ❛❜♦✉t t❤❡ ❡♥✈✐r♦♥♠❡♥t t♦ ❜❡ ❛❜❧❡ t♦ ♣❡r✲
❢♦r♠ t❤❡ s♣❡❝✐✜❝ ❝♦♥tr♦❧ ❛❝t✐♦♥s ♦♥ t❤❡ ❡♥✈✐r♦♥♠❡♥t✱ ❢♦❧❧♦✇✐♥❣ t❤❡ ❛♣♣r♦❛❝❤ ✐♥
❬✶✾❪✳ ❆♥ ❡①❛♠♣❧❡ ♦❢ s✉❝❤ ❛♣♣❧✐❝❛t✐♦♥✲s♣❡❝✐✜❝ s❝❡♥❛r✐♦ r❡q✉✐r❡♠❡♥ts ✇♦✉❧❞ ❜❡ t♦
❢♦r❜✐❞ ❛♥ ❡♥❡r❣② ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥ ❤✐❣❤❡r t❤❛♥ ❛ ❣✐✈❡♥ t❤r❡s❤♦❧❞ LIMIT✳ ❆
♠♦❞❡❧ s❤♦✉❧❞ ❜❡ ♣r♦✈✐❞❡❞ ✐♥ t❤❡ ❢♦r♠ ♦❢ ❛✉t♦♠❛t❛ r❡♣r❡s❡♥t✐♥❣ t❤❡ ❞❡✈✐❝❡s ❜❡✲
❤❛✈✐♦rs✳ ❋✐❣✉r❡ ✶✷ s❤♦✇s ❛♥ ❛✉t♦♠❛t♦♥ ❝❛❧❧❡❞ device1✱ r❡♣r❡s❡♥t✐♥❣ t❤❡ ❜❡❤❛✈✐♦r
♦❢ ♦♥❡ ❞❡✈✐❝❡ t②♣❡✱ ✇✐t❤ st❛t❡s On ❛♥❞ Off✱ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝♦♥s✉♠♣t✐♦♥ ❧❡✈❡❧s✱
❤❡r❡ ✈❛❧✉❡❞ ❢♦r t❤❡ ❡①❛♠♣❧❡ ❛t ✵ ❛♥❞ CONSUMPTION✳ ❆ ♥♦❞❡ ❝❛❧❧❡❞ devices✱
s❤♦✇♥ ❤❡r❡ ♦♥❧② ♣❛rt✐❛❧❧②✱ ❞❡s❝r✐❜❡s ❛ ❝♦♠♣♦s✐t❡ s②st❡♠ ✇✐t❤ t✇♦ s✉❝❤ ❞❡✈✐❝❡s✱
❡❛❝❤ r❡♣r❡s❡♥t❡❞ ❜② ❛♥ ✐♥st❛♥t✐❛t✐♦♥ ♦❢ t❤❡ ❢♦r♠❡r ♥♦❞❡✳ ❚❤❡ ♦✈❡r❛❧❧ ♣♦✇❡r ❝♦♥✲
s✉♠♣t✐♦♥ ✐s ❞❡✜♥❡❞ ❛s t❤❡ s✉♠ ♦❢ ❧♦❝❛❧ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥s✳ ❆ ❝♦♥tr❛❝t ✐s t❤❡♥
❞❡❝❧❛r❛t✐✈❡❧② s♣❡❝✐✜❡❞✱ ❛s ❞❡✜♥❡❞ ✐♥ ❙❡❝t✐♦♥ ✷✳✷✱ s✉❝❤ t❤❛t t❤❡ ❣❧♦❜❛❧ ♣♦✇❡r ✐s
❧♦✇❡r t❤❛♥ t❤❡ ❣✐✈❡♥ ❧✐♠✐t✳ ❉❈❙ ✐s ❛♣♣❧✐❡❞ ❞✉r✐♥❣ t❤❡ ❝♦♠♣✐❧❛t✐♦♥ ♦❢ t❤✐s ♣r♦✲
❣r❛♠✱ t♦ ❛✉t♦♠❛t✐❝❛❧❧② s♦❧✈❡ t❤❡ ❝♦♥tr♦❧ ♣r♦❜❧❡♠✳ ❚❤❡ ❣❡♥❡r❛t❡❞ ❝♦♥tr♦❧❧❡r ✇✐❧❧
❛✈♦✐❞ ❡♥t❡r✐♥❣ t❤❡ On st❛t❡ ♦❢ ❛ ❞❡✈✐❝❡ ✐❢ ✐t ♠❛❦❡s t❤❡ t♦t❛❧ ♣♦✇❡r ❝♦♥s✉♠♣t✐♦♥
t♦ ♦✈❡r❝♦♠❡ t❤❡ t❤r❡s❤♦❧❞✳ ❆♥ ❊❈❆ r✉❧❡ ✇♦✉❧❞ ❜❡ ❛❜❧❡ t♦ ❞❡t❡❝t t❤❡ s✐t✉❛t✐♦♥
✇❤❡♥ ✐t ✐s ❛❧r❡❛❞② ♦❝❝✉rr✐♥❣✱ ✇❤❡r❡❛s ❉❈❙ ♣❡r❢♦r♠s ❛♥ ❛♥❛❧②s✐s ♣r❡❞✐❝t✐♥❣ ♣♦ss✐✲
❜❧❡ ♣r♦❜❧❡♠s✱ ❛♥❞ t❤❡ ❝♦♥tr♦❧❧❡r ❣❡♥❡r❛t❡❞ ❜② ❍❡♣t❛❣♦♥✴❇❩❘ ✇✐❧❧ ❞✐r❡❝t❧② ❛✈♦✐❞
r❡❛❝❤✐♥❣ t❤❡ ✉♥❞❡s✐r❡❞ st❛t❡✳
✻ ❈♦♥❝❧✉s✐♦♥s
❲❡ ♣r♦♣♦s❡ ❛ ♥♦✈❡❧ ♠❡t❤♦❞ ❢♦r ❝♦♦r❞✐♥❛t✐♦♥ ✐♥ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠s✱ ❜②
✈❡r✐✜❝❛t✐♦♥ ❛♥❞ ❝♦♥tr♦❧ ❜❛s❡❞ ♦♥ ❜❡❤❛✈✐♦r❛❧ ♠♦❞❡❧s✱ ✐♥ ♦r❞❡r t♦ ❛✈♦✐❞ ♣r♦❜❧❡♠s
♦❢ r❡❞✉♥❞❛♥❝②✱ ✐♥❝♦♥s✐st❡♥❝②✱ ❛♥❞ ❝✐r❝✉❧❛r✐t②✱ ❛s ✇❡❧❧ ❛s ❛♣♣❧✐❝❛t✐♦♥✲s♣❡❝✐✜❝ ✐s✲
s✉❡s✳ ❚❤✐s ♠❡t❤♦❞ ✐s ❜❛s❡❞ ♦♥ t❤❡ ✉s❡ ♦❢ ♠♦❞❡❧ ❝❤❡❝❦✐♥❣ ❛♥❞ ❛ ❝♦♥tr♦❧ t❡❝❤♥✐q✉❡
✭❉❈❙✮ ✇❤✐❝❤ ♣r♦✈✐❞❡s s❛❢❡ ❝♦♥tr♦❧ ❞✉r✐♥❣ t❤❡ ❡①❡❝✉t✐♦♥ ♦❢ t❤❡ s②st❡♠✳ ❱❡r✐✜❝❛✲
t✐♦♥s ❛r❡ ♣❡r❢♦r♠❡❞ ❛t ❝♦♠♣✐❧❛t✐♦♥ t✐♠❡ ✇✐t❤ s✐♠♣❧❡ tr❛♥s❢♦r♠❛t✐♦♥s ❛♥❞ ♠♦❞❡❧
❝❤❡❝❦✐♥❣✱ ❡♥s✉r✐♥❣ t❤❛t t❤❡ ❞❡s✐r❡❞ s②st❡♠ ❞❡✜♥❡❞ ✐♥✈❛r✐❛♥ts ❛♣♣❧②✳ ❙♦✱ ❢♦r t❤❡
❡①❡❝✉t✐♦♥ ♦❢ t❤❡ ❊❈❆ r✉❧❡ s❡t✱ t❤❡ ❣❡♥❡r❛t❡❞ ❝♦♥tr♦❧❧❡r ❡♥s✉r❡s t❤❛t t❤❡ ❞❡s✐r❡❞
♣r♦♣❡rt✐❡s ✇✐❧❧ ❛❧✇❛②s ❛♣♣❧②✳ ❖✉r ♠❡t❤♦❞ ❛❧s♦ t❛❦❡s ✐♥t♦ ❛❝❝♦✉♥t ❞✐✛❡r❡♥t ♣♦s✲
s✐❜❧❡ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧s ❢♦r t❤❡ ❊❈❆ r✉❧❡✲❜❛s❡❞ s②st❡♠✳ ❚❤❡s❡ ❡①❡❝✉t✐♦♥ ♠♦❞❡❧s
❝❛♥ ❜❡ ♠♦❞❡❧❡❞✱ ❡♥s✉r✐♥❣ t❤❛t t❤❡ ✜♥❛❧ ✐♠♣❧❡♠❡♥t❛t✐♦♥ ♦❢ t❤❡ s②st❡♠ ✐s ❝♦r✲
r❡❝t❧② ✈❡r✐✜❡❞✳ ❖✉r ✇♦r❦ ♦✛❡rs ✉s❡rs ✇✐t❤ ❛ ❝♦♠❜✐♥❛t✐♦♥ ♦❢ ❛ ❤✐❣❤✲❧❡✈❡❧ ❊❈❆
r✉❧❡s ❧❛♥❣✉❛❣❡ ✇✐t❤ t❤❡ ❝♦♠♣✐❧❡r ❛♥❞ ❢♦r♠❛❧ t♦♦❧ s✉♣♣♦rt ♦❢ ❍❡♣t❛❣♦♥✴❇❩❘✱
✇❤✐❝❤ ❝❛♥ s❡❡♥ ✐♥ ❜♦t❤ ✇❛②s✿ ❢♦r♠❛❧ s✉♣♣♦rt ♦❢ ❊❈❆ r✉❧❡s✱ ❛♥❞ ✉s❡r✲❢r✐❡♥❞❧②
❧❛♥❣✉❛❣❡ ❛❜♦✈❡ ❍❡♣t❛❣♦♥✴❇❩❘✳
❲❡ ❛r❡ ♣r❡s❡♥t❧② ✇♦r❦✐♥❣ ♦♥ t❤❡ ✐♥t❡❣r❛t✐♦♥ ♦❢ t❤❡ ❣❡♥❡r❛t❡❞ ❝♦♥tr♦❧❧❡r✱ ✉s✐♥❣
t❤❡ ❡①❡❝✉t❛❜❧❡ ❝♦❞❡ ✐♥ ❈ ♦r ❏❛✈❛✱ ✐♥ ❛♥ ❡①♣❡r✐♠❡♥t❛❧ ❡♠❜❡❞❞❡❞ ♣❧❛t❢♦r♠ ❢♦r s♠❛❧❧
♦r ❤♦♠❡ ❡♥✈✐r♦♥♠❡♥ts ✇❤❡r❡ ✉s❡rs ❝♦✉❧❞ ✐♥tr♦❞✉❝❡ ❊❈❆ r✉❧❡s ✐♥ t❤❡ s②st❡♠
t♦ ❝♦♥tr♦❧ ❤♦♠❡ s❡♥s♦rs ❛♥❞ ❛❝t✉❛t♦rs ✉s✐♥❣ t❤❡ ❛✉t♦♠❛t✐❝❛❧❧② ❣❡♥❡r❛t❡❞ s❛❢❡
❝♦♥tr♦❧❧❡r✳ ❲❡ ❛r❡ ❛❧s♦ ✇♦r❦✐♥❣ ♦♥ t❤❡ ♣♦ss✐❜✐❧✐t② t♦ ❛✉t♦♠❛t✐❝❛❧❧② ♣r♦✈✐❞❡ ❞❡✈✐❝❡
♠♦❞❡❧s r❡♣r❡s❡♥t✐♥❣ t❤❡✐r ❜❡❤❛✈✐♦r✳ ❚❤✐s ❛❧❧♦✇s s♣❡❝✐❢②✐♥❣✱ ❛t t❤❡ s❛♠❡ ❧❡✈❡❧
❛s ❊❈❆ r✉❧❡s r❛t❤❡r t❤❛♥ ✐♥ ❍❡♣t❛❣♦♥✴❇❩❘✱ s❛❢❡t② ♣r♦♣❡rt✐❡s ❢♦r ❛♣♣❧✐❝❛t✐♦♥✲
s♣❡❝✐✜❝ s❝❡♥❛r✐♦s ❛s t❤❡ ♦♥❡ ❞❡s❝r✐❜❡❞ ✐♥ ❧❛st s❡❝t✐♦♥✳ ❖t❤❡r ♣❡rs♣❡❝t✐✈❡ ✐♥✈♦❧✈❡s
♠♦❞✉❧❛r ❝♦♠♣✐❧❛t✐♦♥ ❛♥❞ ❉❈❙✱ ✇❤✐❝❤ ❝❛♥ ✐♠♣r♦✈❡ s❝❛❧❛❜✐❧✐t② ♦❢ t❤❡ ❛♣♣r♦❛❝❤✱
❛s ✇❡❧❧ ❛s ❞✐str✐❜✉t✐♦♥ ♦❢ t❤❡ ❡①❡❝✉t❛❜❧❡ ❝♦❞❡✱ t♦ ❞❡s✐❣♥ ❞✐str✐❜✉t❡❞ ❝♦♥tr♦❧❧❡rs✳
❘❡❢❡r❡♥❝❡s
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♦❢ ❝♦♠♣♦♥❡♥t✲❜❛s❡❞ ❛✉t♦♥♦♠✐❝ ❛❞♠✐♥✐str❛t✐♦♥ ❧♦♦♣s✳ ■♥ Pr♦❝❡❡❞✐♥❣s ♦❢ t❤❡ ✶✺t❤
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♦❢ ❤❡t❡r♦❣❡♥❡♦✉s s❡♥s✐♥❣ ❞❡✈✐❝❡s ✇✐t❤ ❊❈❆ r✉❧❡s✳ ■♥ ✷✵✶✶ ■❊❊❊ ■♥t❡r♥❛t✐♦♥❛❧
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✾✳ ◆✳ ❍❛❧❜✇❛❝❤s✳ ❙②♥❝❤r♦♥♦✉s Pr♦❣r❛♠♠✐♥❣ ♦❢ ❘❡❛❝t✐✈❡ ❙②st❡♠s✳ ❙♣r✐♥❣❡r✱ ✷✵✶✵✳
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